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Abstract  
 
Forensic investigation of cases of rape and some sexual assault relies on the successful location and 
identification of semen from recovered exhibits, typically intimate swabs and clothing.  Recovery of 
semen from most substrates is achieved by simple water extraction methods and microscopic 
observation of the presence of spermatozoa.   However, the superabsorbent polymers (SAPs) used 
in the manufacture of sanitary protection products, such as nappies and sanitary towels, are 
specifically designed to retain liquid materials.   This property prohibits water extraction, which 
renders them problematic when seized as exhibits to be examined for evidence in cases of sexually 
motivated crime.  This work sought to identify and develop a method to release semen from the 
absorbent polymers to allow for DNA analysis to assist with any subsequent investigation.  The use 
of salts both in powder and solution forms were investigated along with the application of pressure.  
It was established that a 0.5 Molar solution of calcium chloride provided the optimum conditions 
to release semen from a selected SAP containing product and that a final water washing step 
facilitated quantitative analysis by microscopy.  Full DNA profiles using ESI17 were obtained from 
semen recovered from samples of SAP containing, ultra sanitary towels which had been stored 
frozen and also some which had been allowed to air dry overnight after semen deposition to 
replicate forensic casework samples.  Some method optimisation may be required by forensic 
service providers to adapt it for use in routine casework however, this study has provided a simple, 
efficient and cost effective method to release spermatozoa from sanitary protection products in 
order to assist with forensic investigations.  The successful completion and implementation of this 
work could have major implications across the world in providing significant improvements to the 
investigation of sexual offences. 
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1 Introduction and Literature Review 
1.1 Summary 
The forensic science investigation of offences against the person commonly involve the 
examination of case exhibits for body fluids.  This process typically includes an initial, visual 
examination, sometimes supported by the use of alternative light sources and / or 
stereomicroscopy.  This systematic approach continues with the interrogation of suspected body 
fluid stains using simple, chemical based presumptive tests and a range of subsequent confirmatory 
tests, relevant to the particular body fluid can be deployed.  The DNA analysis undertaken in 
forensic science laboratories is human specific and this can be considered a confirmatory test in 
some case types.  Moreover, in sexual offences, it can be vital for the reporting scientist to be able 
to attribute any resultant DNA profiles specifically to any spermatozoa present rather than another 
male cellular source in order to specifically address the sexual nature of the alleged events.  An 
examination for semen typically requires a water extraction to release spermatozoa into solution 
for identification and DNA analysis.  However sanitary protection products, such as nappies and 
sanitary towels, have been specifically designed to absorb and retain any liquid material deposited 
onto them.  The most modern of these products contain a superabsorbent polymer (SAP) which 
can absorb volumes of liquid far in excess of their own weight.  When the SAP containing layers 
were treated with water in an attempt to extract any suspected semen present, they act to further 
absorb and retain the putative extractant and do not release any spermatozoa.  The development 
of a method to desorb spermatozoa from the gel matrix formed when these products become wet 
with any liquid would permit the examination of sexual offence cases involving these items as 
exhibits not possible with current techniques.  Successful implementation of such a technique could 
be applicable across many case types including offences against anyone wearing SAP containing 
products which could include victims of ages ranging from small children to the elderly. 
  
1.2 Background of relevant forensic science research 
Prior to 2011, forensic science research and development in the UK was predominantly undertaken 
by government funded agencies with some comparatively limited academic research activity in 
universities.  The Central Research and Support Establishment (CRSE) at Aldermaston, Berkshire, 
was part of the Home Office Forensic Science Laboratories, which subsequently became the 
Forensic Science Service (FSS) in 1991.  The Metropolitan Police Forensic Science Laboratory 
(MPFSL), established in 1935, was merged with the FSS in 1996 following the Royal Commission on 
Criminal Justice review of 1993 (Royal Commission on Criminal Justice, 1993) which recommended 
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that the defence should have access to the same forensic resources as the prosecution, with the 
implication that forensic scientists should work independently from the police service.   
Research advancements since the introduction of routine casework DNA analysis in the late 1980s 
(Gill, Jeffreys, & Werrett, 1985) have been mainly focussed on the enhancement of DNA analysis 
techniques and interpretation of DNA results rather than the development of methods for more 
successful recovery of samples suitable for such DNA analysis.  The Research and Development 
Department of the Forensic Science Service took a prominent role in developing and implementing 
techniques, collaborating with Advanced Biosystems (ABI).  The FSS and ABI were instrumental in 
formulating the multimix products allowing simultaneous PCR locus amplification, revolutionising 
the delivery of DNA forensic casework (Cotton et al., 2000; Sparkes, Kimpton, Watson, et al., 1996; 
Tucker et al., 2012). 
Following the closure of the FSS in 2012, the opportunities for forensic science research have been 
limited.  Some universities began progressing some research work, often in conjunction with police 
forces, as demonstrated by the partnership between Hampshire Constabulary and the University 
of Portsmouth (Home Office, Forensic Science Strategy: A National Approach to Forensic Science 
Delivery in the Criminal Justice System, 2016).  However, these partnership arrangements can tend 
to be police led and aimed at investigative challenges with less focus on scientific interpretation 
issues faced by forensic scientists.  
Some ten years prior to the 2012 closure of the FSS, a group comprising biology reporting forensic 
scientists from each of the major forensic service providers in the United Kingdom and Ireland 
instigated a Body Fluid Forum (BFF) as a subsidiary of the Association of Forensic Service Providers 
(AFSP).  The group aimed to undertake defined and highly specialised research projects to tackle 
some of the reporting issues encountered in cases involving forensic biology, in particular sexual 
offences and continues post the FSS closure.  Their aim was to collaborate and share their work 
without commercial profit for the mutual benefit of the Criminal Justice System.  One such piece of 
work (Allard et al., 2007) explored the range of intimate swab extraction protocols used by each of 
the member laboratories, since it was clear that each organisation had subtly different methods for 
their examination.  This paper highlighted an optimum preferred extraction volume and indicated 
some limitations with other presumptive tests used such as Laurell Rocket (Laurell, 1966), choline 
(Florence, 1896; Forbes, 1940) and Prostate Specific Antigen kits (Hochmeister, M., Budowle, B., 
Rudin, O., Gehrig, C., Borer, U., Thali, M., and Dirnhofer, 1999).  Another study has compared and 
evaluated various cytological staining methods specific to semen with a view to assessing whether 
a uniform approach could be found (Allery, Telmon, Mieusset, Blanc, & Rougé, 2001). 
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More recently, some commercial forensic service provider laboratories have developed their cell 
harvesting protocols by introducing more lengthy recovery techniques, with examples such as the 
sperm elution method (Hulme, Lewis, & Davidson, 2013).  These methods include soaking 
substrates such as swab heads in buffer solutions with the addition of agitation and incubation 
steps to encourage the release of the spermatozoa from within the fibres of the swabs.  This has 
had the effect of increasing the sperm head recovery, thus potentially providing an increased 
volume of template DNA for subsequent analysis.  Notably, Hulme et al., (2013) reported that whilst 
there was a slightly improved spermatozoa recovery from panty liners using this method rather 
than a water-only extraction, recovery remained difficult with either method.   
Coupled with the modern, more sensitive DNA analysis techniques, these improved cell harvesting 
methods allow the forensic service providers to deliver timely and efficient results to an increasingly 
competitive, but shrinking forensic marketplace.  Forensic Scientists base their interpretation of 
findings in sexual assault cases on reliable semen persistence data (Allard, 1997; Casey et al., 2017; 
Willott & Allard, 1982).  There have been very few such studies performed on data produced since 
the advent of these improved recovery and detection processes and limited opportunity for this to 
be achieved in the absence of either shared data or relevant personnel to collate it.  However, a 
comparatively recent paper (Owers, Davidson, McDonald, Morgan, & O’Rourke, 2018) has 
commented that much of the published Time Since Intercourse (TSI) information was collated from 
casework data generated using techniques which were no longer part of routine casework due to 
the introduction of revised methods to improve spermatozoa recovery.  This work went on to 
suggest updated TSI evaluation using data generated from casework samples extracted using the 
Sperm ElutionTM method (Hulme et al., 2013). 
 
1.3 Crime statistics 
The Sexual Offences Act (2003) defines UK law with regard to all aspects of sexual offences including 
specific definitions, requirements for prosecution and sentencing on conviction.   The Crime Survey 
of England and Wales (CSEW) for the year ending March 2017 undertaken by the Office of National 
Statistics (ONS) measured incidences of “rape or assault by penetration (including attempts), and 
indecent exposure or unwanted touching” in respondents aged between 16-59 years old.  It asked 
respondents to declare assaults since the age of 16 and estimated that “3.1% of women (510,000) 
and 0.8% of men (138,000) aged 16 to 59 experienced sexual assault” in the preceding twelve 
months.  In order to measure the potential impact of the work, it would be desirable to know how 
many sexual assault cases over a given period of time included the laboratory submission of SAP 
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containing products.  This information may need to be mined with a manual search of both paper 
based and electronically stored casefiles which could not be done without permission from the 
relevant police forces.  Similarly, these items may not be submitted at all given the known issues 
with their examination.  There is likely to be variance in when such items are also submitted either 
with or without intimate swabs and additional data to inform the case examination strategy.  For 
example, a case with a female adult complainant is likely to also have intimate swabs submitted 
with any associated sanitary products whereas an infant “complainant” is less likely to either 
undergo a forensic medical examination or be able to provide supplementary case supporting 
information.  Similarly, it may be inappropriate or impossible to take intimate samples from juvenile 
or elderly complainants.  In cases where intimate samples have been provided, it is likely that these 
would be examined for semen first and finding semen on them may negate the requirement for the 
examination of subsequent items.  The absence of semen on the intimate samples may invoke the 
examination of either underwear items of clothing or any available sanitary wear.  However, 
absence of semen on the intimate samples could be considered to affect the scientist’s expectation 
of finding semen on other related items.   
For this study, unprecedented access to casefiles was granted by the Metropolitan Police Service 
(MPS).  Operational Forensic Scientist reporting officers were asked to provide recent case 
reference numbers where they could remember that sanitary products had been submitted.  Ten 
casefiles were retrieved from storage and manually interrogated to retrieve the relevant 
information, with a summary of the findings (Tables 1.1 and 1.2).   
 
 
 
Table 1.1: A table of abbreviations associated with Table 1.2 which summarises information 
retrieved from case files of sexual assault cases which included submission of sanitary 
protection items as exhibits, submitted to the Forensic Laboratory of the Metropolitan Police 
Service (2013-14). 
 
Abbreviations 
a/i Anal intercourse 
AP Acid Phosphatase 
FME Forensic Medical Examiner 
H Sperm head 
ProK  Proteinase K  
PP Phadebas Paper 
ST  Sanitary towel 
v/i vaginal intercourse 
? alleged (but unconfirmed) 
+ve positive  
-ve negative  
MPS           Metropolitan Police Service 
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Table 1.2: Summary of information retrieved from case files of sexual assault cases which included 
submission of sanitary protection items as exhibits, submitted to the Forensic Laboratory of the MPS 
(2013-14).  An abbreviation key was provided in Table 1.1. 
 
Case type Swab findings Swab findings Sanitary product findings 
Rape – v/i ?condom -ve -ve H White and purple ST, no wings, in knickers, weak 
purple @30s, mod purple @ 2m, -ve H from one 
area, upper surface sampled. 
Rape, v/i no condom Endo, weak pink @2m 
HVS weak purp @2m 
LVS mod purple @ 2m 
-ve H White and blue ST with wings, light purple @50 
s, mod purple @2m, -ve H from one area of 
upper surface sampled. 
Unexplained vaginal 
bleeding in 3mth old 
female 
Vestibule swab sent for 
sperm elution 
-ve H  
v/i w + /out condom Endo –ve H 
HVS –ve H 
LVS –ve H 
-ve Pro K 2 x white and blue STs, no wings, recovered from 
bin, 1 x heavily bloodstained.  Ap –ve, no H. 
Alleged assault by 
penetration 
(? Finger ? penis 
unknown), on female 
26 months 
LVS weak pink @2 
Perineum weak purp @2 
Perianal –ve AP 
Pre lysis –ve 
Pre lysis –ve 
Pre lysis -ve 
Pampers baby dry size 4.  2 x 3mm AP +ve spot 
on PP paper on o/s –ve H 
i/s –ve AP 
V found in street with 
lower clothing 
lowered.  Prev v/i w 
boyfriend, night 
before 
Endo AP -ve 
HVS AP –ve 
Vulval AP –ve 
Peri-anal AP –ve 
-ve H 
Few H 
Few H 
1 x poss 
Folded ?old tampon removed by FME 
 
AP +ve @20s Few H 
Rape v/i ? no condom  
? ejaculation (known 
male) 
v/i w partner three 
days before 
Endo AP –ve 
HVS AP –ve 
LVS v light pink @2m 
All ProKs  
-ve 
White + blue ST with wings received rolled up 
AP+ve @20s, strong to mod purple @2m 
Trace H sent for sperm elution – upper layer 
sampled – avoiding gel layer. 
Full profile matching S (IDd by other means) 
?rape by male friend – 
not known 
Endo wk pink AP@2m 
HVS med/str purp @2m 
LVS med/str purp @2m 
All ProKs –ve White and purple ST, no wings.   
Weak purple AP @2m  -ve H 
? anal/i on 18 month 
old male 
Perianal AP-ve 
Rectal AP wk purple@2m 
 
All ProKs  
–ve 
Pampers size 5 
i/s and o/s PP –ve and PP AP –ve 
inked series, adult 
female v/i, no 
condom,?ejac 
Last prev, 3 months 
prev 
LVS weak purple @2m 
HVS weak-mod purp@2m 
Endo weak pink/purp@2m 
All ProKs  
–ve 
White ST (not ultra type in appearance)  
weak purple @2m –veH 
Blue and white ST left in situ in knickers AP –ve 
@2m 
Introduction and Literature Review 
6 
  
Of these cases, three included the submission of nappies, one a tampon and the remaining six had 
sanitary towels, giving total examinations of eight sanitary towels and fifteen nappies.  Any sanitary 
products giving a positive presumptive test for the presence of seminal fluid were further tested 
for the presence of spermatozoa.  In some instances, items which had given a negative presumptive 
test were still further examined for the presence of spermatozoa.  All of the tests for spermatozoa 
involved the extraction of the upper, non-woven surface only, avoiding the gel layer of the product.  
Spermatozoa were identified on only one of a total of twelve slides made and this finding resulted 
in a DNA profile. 
It was not possible to determine from the casefiles whether there was semen present on the 
remaining items.  More specifically, it was not possible to comment on whether the apparently 
positive presumptive tests were due to the actual presence of semen which could not be recovered 
or due to vaginal or bacterial acid phosphatase activity.  Whilst semen was recovered from the 
tampon, this finding was not considered further since these products do not contain SAPs. 
These data provided only a snapshot of the prospective benefits and implications of this work.  
Whilst it has not been possible to estimate exactly how many cases per annum may be affected, it 
is clear that the successful recovery of semen from the superabsorbent polymers in sanitary 
protection products represents the opportunity to provide new tools to investigate some cases 
which would have faltered previously.  
 
1.4 Physical properties of semen and spermatozoa (human and boar) 
The terms seminal fluid, semen, spermatozoa and sperm are sometimes used interchangeably so it 
was important to define these terms for clarity.  Semen is the term used for the whole liquid, 
produced from several glands, on ejaculation.  It mainly comprises seminal plasma, or seminal fluid, 
which is predominantly made up of water, proteins, sugars, minerals and vitamins.  Spermatozoa 
(sometimes abbreviated to sperm heads or sperm) make up approximately 5% of the total volume 
of semen (Zaneveld & Jeyendran, 1990). 
 
The prostate gland produces the enzyme acid phosphatase (AP).  This enzyme is at least 100 times 
more concentrated in the prostate gland than elsewhere in the body and therefore highly 
concentrated in seminal fluid but not specific to it.  As it is also present, although in much lower 
concentrations, in vaginal material, a confirmatory test is required to identify the presence of 
semen on forensic casework exhibits to assist in the specific attribution of any resultant DNA 
profiles.  
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Figure 1.1 : A human spermatozoon.  Reprinted from (Zini & Libman)( Sperm DNA damage: 
clinical significance in the era of assisted reproduction.  Fig. 1: The human sperm. The sperm 
head contains the nucleus (DNA and proteins) and the acrosome (a vesicle rich in hydrolytic 
enzymes involved in egg penetration). Within the sperm nucleus, there is a histone-rich 
region that is localized peripherally and a protamine-rich region localized centrally. The 
sperm midpiece represents the proximal part of the sperm tail and is rich in mitochondria. 
Photo by: Lianne Friesen and Nicholas Woolridge.) Canadian Medical Association Journal 
(August 29, 2006 175 (5) 495-500). © Canadian Medical Association (2006). This work is 
protected by copyright and the making of this copy was with the permission of the Canadian 
Medical Association Journal (www.cmaj.ca) and Access Copyright. Any alteration of its 
content or further copying in any form whatsoever is strictly prohibited unless otherwise 
permitted by law. 
  
The human spermatozoon is approximately 50 µM in length and comprises components commonly 
described as a head and a tail.  The head includes an acrosome which contains the proteins required 
for the spermatozoon to bind to and penetrate the female gamete.  As it can be shown that washed 
semen samples can still achieve successful fertilisation, it is thought that the seminal plasma is 
merely a transport medium (Zaneveld & Jeyendran, 1990).  However, in terms of forensic science, 
its high concentration of acid phosphatase can provide a useful tool for location of non-visible 
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staining on exhibits, although this property has been shown to be less reliable than was previously 
thought (Lewis et al., 2013; Lewis, Jones, Baxter, Siemieniuk, & Talbot, 2012). 
Boar semen was similarly proportioned, with the overall length of a boar spermatozoon measuring 
approximately 48.5 μM, with the head being approximately 8.5 μM, twice as long as it was wide 
and with its tail measuring approximately 30μ long (Hancock, 1956).  Human spermatozoa heads 
are visually smaller and more round as can be seen in Figure 6.1. 
The normal volume range for human ejaculate is 1.5 mL – 5.5 mL with a count range being 50 – 250 
x 106 spermatozoa per mL (Keel & Webster, 1990).  The volume of boar ejaculate varies depending 
on a number of factors including the sexual maturity of the individual animal but generally increases 
with age.  The range has been recorded as between 50 – 400 mL, the volume seemingly due to the 
abundance of the glandular secretion which forms the gelatinous part of the semen (Frunză, 
Cernescu, & Korodi, 2008)   
It can be seen from semen persistence data studies (Allard, 1997; Casey et al., 2017; Willott & Allard, 
1982) that, in slide preparations from intimate swab exhibits or semen stains on clothing that 
typically, the tails have been lost and only the head remains.  This is not an issue for forensic 
applications which commonly target the DNA rich sperm head only. 
1.5 Current forensic biology examination practice 
Many of the methods used for location, identification and recovery of body fluids have been derived 
from some of the earliest developed techniques and in many instances have not changed 
substantially from them in their original inception.  Examples include the presumptive tests for 
blood and semen, respectively the Kastle-Meyer test (Glaister, 1926) and the acid phosphatase test 
(Seligman & Manheimer, 1949, cited in Kind, 1957; Walker, 1950). 
Forensic scientists have historically recovered the cellular components of body fluids from swabs 
and fabric substrates using simple water extraction to release the cells into suspension.  Initial 
examination of exhibits for semen begins with a presumptive test for acid phosphatase (Walker, 
1950), an enzyme present in high concentration in seminal fluid.  This is followed by a confirmatory 
test, typically the microscopic visualisation of spermatozoa (sperm heads) from a proportionate 
aliquot of the cell suspension volume.  This process served only to identify the presence of 
spermatozoa, to approximately estimate the number present and was not intended as an accurate 
quantitative record as may be required for medical or fertility purposes.  Typically, forensic 
scientists use an approximate scale based on the proportion of spermatozoa visible in fields of view 
at x 400 magnification on a compound microscope.  The scale originates from Davies & Wilson, 
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(1974) and has historically been used as standard method.  Tobe, Dennany, & Vennemann (2015) 
discussed and addressed that this method is subjective but it remains in current usage.  
Detection of spermatozoa in samples with a very low head count can also be undertaken using a 
Proteinase K procedure which digests epithelia, thus permitting clearer, unrestricted visualisation 
of any spermatozoa present and facilitates the interrogation of a larger proportion of the sample 
extract (Chapman, Brown, & Keating, 1989).  Intimate samples taken in sexual offence cases 
commonly recover mixed male and female body fluid samples.  Clearly, for forensic investigation 
and interpretation purposes, it is necessary to separate the spermatozoa from the female epithelia.  
First described by Gill et al., (1985) and later by Yoshida et al., (1995) differential extraction is 
undertaken by lysis and washing off the cell fraction (using Proteinase K) and then lysing the 
spermatozoa separately.  The spermatozoa have robust cell membranes and remain intact after the 
Proteinase K treatment, requiring Dithiothreitol (DTT) to break down the cell walls to release the 
DNA.  When forensic DNA analysis was in its infancy, this process was undertaken by the DNA 
analysis teams but more recently it has become part of the improved cell harvesting techniques.  
Individual laboratories document their own methods but the basic technique is widely documented 
in text books (Butler, 2012; McKiernan & Danielson in Patrinos, Ansorge, & Danielson, 2017). 
Before the implementation of DNA analysis in routine forensic casework, it was necessary to locate 
and identify specific body fluids before performing grouping analysis tests to discriminate between 
casework and reference samples.  Latterly, it has been possible to recover DNA profiles from items 
or exhibits even when a detectable, defined body fluid is not present.  However, in sexual offence 
cases, it is often imperative that any DNA profiles obtained can be attributed specifically to any 
semen which has been shown to be present – either in an attempt to identify its prospective source 
or to make a comparison with a named suspect.  In contrast to the commonly used presumptive 
body fluid tests, methods for industry standard forensic DNA analysis are more rigorously 
established and published (Cotton et al., 2000; Sparkes, Kimpton, Gilbard, et al., 1996; Tucker et al., 
2012) and will therefore not form a major part of this work, save for their use to illustrate the 
successful recovery of any human spermatozoa.     
1.6 Super Absorbent Polymers (SAPs) 
Polymers are comprised of repeating monomer molecular units, typically forming chains of 
comparatively large molecules.  Superabsorbent polymers (also referred to as hydrogels or 
hydrocolloids) have regions that interact with water molecules and other regions which are capable 
of cross-linking to other polymer molecules.  This property facilitates the formation of a gel network 
which is not itself water soluble but has the capacity to absorb high volumes of fluid.    
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Hu et al., (2004) described the morphology of sodium polyacrylate in both its dry state and when it 
is in the presence of water.  One of the most simple polymers used the commercial production of 
SAP containing sanitary protection products, the polymer chains of sodium polyacrylate are coiled 
when dry (Figure 1.2).  The introduction of water to the polymer invokes a hydration process and 
the detachment of the sodium ions creates negatively charged carboxyl groups which repel each 
other, forcing the chain to uncoil.  It is this process that makes the polymer form a three dimensional 
gel, supported by weak cross linking, as it continues to absorb water.        
 
Figure 1.2: Mechanism for absorbency for sodium polyacrylate.  Reprinted by permission from 
Publisher: Springer Nature.  Journal of Exposure Analysis and Environmental Epidemiology, 
Disposable diaper to collect urine samples from young children for pyrethroid pesticide studies.  
Hu, Beach, Raymer & Gardner, [COPYRIGHT](2004) 
Hu, Beach, Raymer, & Gardner (2004) also reported that the gel can be made to collapse in the 
presence of some metal cations such as Ca2+.  These bi-valent ions neutralise the poly-anions and 
bind the carboxylate groups causing the hydrophobic polymer backbone to collapse (Figure 1.3) 
Breaking the cross linking, to deform the gel, should allow the release of any absorbed liquid.  
(Kabiri, Omidian, Hashemi, & Zohuriaan-Mehr, 2003) determined that there was a relationship 
between the degree of cross linking and the relative swelling ratio of the polymers, indicating that 
they had a number of wide ranging commercial applications, not least within the disposable hygiene 
product industry.  The effect of cross-linker type and concentration on porosity and absorption rate 
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was explored by Kabiri, Omidian, Hashemi, & Zohuriaan-Mehr (2003) who found that the use of a 
higher amount of cross linker in SAPs made them less sensitive to changes in salinity.    
 
 
Figure 1.3: Collapse of sodium polyacrylate in the presence of Ca2+ ions.  Reprinted by permission 
from Publisher: Springer Nature.  Journal of Exposure Analysis and Environmental Epidemiology, 
Disposable diaper to collect urine samples from young children for pyrethroid pesticide studies.  
Hu, Beach, Raymer & Gardner, [COPYRIGHT](2004) 
 
Conversely, (Schweins & Huber, 2001) investigated the collapse of sodium polyacrylate chains in 
calcium salt solutions.  They used static and dynamic light scattering techniques to visualise the 
physical structure of different concentrations of SAPs when subjected to treatments with varied 
concentrations of the bivalent salt calcium chloride.  They also deployed the addition of varied 
concentrations of the monovalent sodium chloride (NaCl), in conjunction CaCl2 solutions, noting its 
effect on the position of the phase boundary for the SAP.  Many of the studies found were 
concerned with investigating the chemical and physical properties of the SAPs and how they 
behaved in a series of different environments or seeking to understand the extents of their relative 
strengths to identify alternative applications for their use.  Very few studies sought to find methods 
to break down SAPs specifically to recover the absorbed liquid and those which had that objective, 
did so to recover large volumes (commonly urine) rather than to investigate whether spermatozoa, 
inherently contained in an aqueous medium, would also be released.   
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The wide ranging work done on investigating more specific uses for SAPs has identified many other 
applications.  These include slow water release products for the agriculture, moisture retainers in 
meat packaging (Buchholz, 1996), moisture capture in construction - they were used in the when 
the Channel Tunnel was built between 1988-1994 (Buchholz, 1996), artificial snow for artificial ski 
slopes (Shimomura & Namba, 1994) and as drug carriers (Khare & Peppas, 1995; Vervoort, 
Patlazhan, Weyts, & Budtova, 2005)   
Other work has identified the behaviour of SAPs in more extreme conditions.  As their absorbance 
capacities became more widely understood, their ability to perform in alternative environments 
was necessarily investigated.  Budtova & Suleimenov, (1997), Vervoort & Budtova, (2005) and ; 
Vervoort, Patlazhan, Weyts, & Budtova (2005) considered SAP swelling behaviour and solvent 
release respectively under load and compression.  These works contributed to wider understanding 
of SAP behaviour to improve both product development and performance for many manufacturers. 
1.7 Development and manufacture of sanitary protection products 
Disposable nappies were first manufactured in the early 1970s (Buchholz, 1998 cited in Kabiri et al., 
(2003).  In the UK, children wore washable, re-usable, cotton cloth nappies, which were designed 
for comfort but had comparatively poor absorbent qualities.  The earliest disposable nappies were 
bulky items which used wood pulp fluff, cellulose wadding or cotton fibres as absorbents (Masuda, 
1994).  The introduction of SAPs to the manufacturing process developed with early designs 
containing only a relatively small amount of SAP compared with pulp (Masuda, 1994).  By 1983, the 
proportion of SAP had increased and this trend has continued with modern products being much 
thinner than early prototypes (Masuda, 1994).  Design improvement and production developed 
rapidly, leading to global brands, with Kimberly-Clark and Proctor and Gamble becoming multi-
million dollar businesses trading competitively against each other and retaining the majority of the 
market share (Lenzner, R., & Shook, 1997). 
The advent of superabsorbent polymers revolutionised disposable nappy manufacturing.  
Developed in the late 1930s (Kern, 1938, cited in Buchholz, 1996) the use of superabsorbent 
polymers in disposable sanitary products was first suggested by Harper in 1968 (Buchholz, 1996) 
and they were first produced and sold commercially in Japan in the early 1980s.  Production in the 
United States had evolved by 1984 with marketing in Europe by the late 1980s (Buchholz, 1996).  
As SAPs are capable of absorbing many times their own weight of liquid, incorporating them into 
pad products worn to absorb body fluid waste, allowed the design to evolve such that they could 
be discrete and more comfortable than their bulky predecessors.  The SAP is mixed with the more 
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traditionally used cellulose pulp and typically sandwiched between sheets of permeable, non-
woven fabric.  Often the body side fabric is a one-way flow top sheet whereas the outer layer is a 
waterproof polyethylene sheet (US patent 4,306,559, 1981, cited in Buchholz, 1996).  This design 
offers maximum protection as the top sheet ensures dryness for the wearer while the outer layer 
minimises the opportunity for leakage.  As their name suggests, non-woven fabrics are made from 
plastic resins such as nylon, polyester, polyethylene or polypropylene as bonded sheets of fabric, 
rather than woven from fibres like more traditional fabrics.   
Sanitary towels had previously been thick and nappy-like and sold in a range of absorbencies such 
as “regular” and “super” with panty liners sold as more of a protection than an absorbent product.  
However, sanitary towels are now more typically thin, like panty liners (branded as “ultra”), but 
produced with a superabsorbent layer and, in some cases with “wings” to hold the products onto 
the underwear of the wearer.  They are sold as “regular” and “super” absorbency but appear to 
differ only in overall length of the product rather than construction and thickness.  It may be 
possible that they contain differing amounts of the superabsorbent polymer but this was not 
apparent from visual examination.   Information sourced on the Absorbent Hygiene Product 
Manufacturer’s Association website (www.ahpma.co.uk) suggested that ultra-type pads would 
contain the superabsorbent gelling material but that thicker maxi type pads would not.   
The absorbance properties of these products have been determined by the strength of the gel 
network which can be varied by altering the degree of cross linking within them.  In general terms, 
the lighter the cross linking, the greater the absorption capacity.  Early product designers were 
primarily only concerned with fluid absorption and retention and so combined a low ratio of lightly 
cross linked SAP to wood pulp.  Additionally experiments on the SAP placement within the products, 
placed higher concentrations of SAP in targeted, localised areas (Nagorski, 1994).  It was quickly 
determined that there was an importance in achieving an optimum gel strength.  It had been shown 
that too strong a gel network reduced the absorption capacity of the gel leading to poor product 
absorption performance.  However, too weak a gel network reached capacity too quickly causing 
clumping of the gel - termed “gel blocking” (Nagorski, 1994).  This reduced the absorption capacity 
of the products and affected their wear performance.  This improved understanding of how SAPs 
behaved led to further investigations around their properties of absorbance under load (AUL).  It 
became more apparent that there was a reciprocal relationship between the strength of the SAP 
gel and its capacity to retain fluid.  Improved applications for wearable products have seen 
manufacturers attempting to equilibrate the degree of cross linking within the SAP, the ratio of SAP 
to pulp and the localised placement of the SAP within them.  Manufacturers continually revise their 
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production methods to optimise the properties preventing leakage, taking into consideration 
volume and pressure parameters.  The literature reported that this has seen the development of 
second generation products with improved absorption properties and third generation products 
with SAPs incorporating a core with cross linking only at its surface (Nagorski, 1994), although 
specific information was not forthcoming from manufacturers. 
1.8 Forensic casework assessment and interpretation 
The forensic scientist should always consider their expectations for findings in a case using a pre-
assessment strategy (Cook, Evett, Jackson, Jones, & Lambert, 1998).  In a simple example, if intimate 
swabs were recovered from a rape complainant twelve hours after an alleged offence with 
ejaculation, it follows that there would be a high expectation of finding semen on them and 
conversely a low expectation of finding semen if the alleged offence did not occur.  However, if the 
swabs were recovered some days after the alleged rape, the expectation of finding semen would 
be reduced because of the many opportunities for the loss of any semen which had been deposited.  
Semen persistence studies on casework sample submissions (Allard, 1997) showed that there was 
a low expectation of finding semen on intimate swabs taken more than seven days after an alleged 
rape with ejaculation had occurred.  It should be considered that there are inherent flaws with 
semen persistence studies however, mainly due to the available data.  Allard’s (1997) work assessed 
casework samples which included vaginal, anal and oral swabs taken from real complainants in real 
cases.  This has the advantage that the swabs are taken by Forensic Medical Practitioners (FMEs) 
using agreed sampling protocols outlind by the Faculty of Forensic and Legal Medicine (FFLM) of 
the Royal College of Physicians however, there is no guarantee that the associated information 
provided regarding time since intercourse was accurate.  By contrast, other similar studies such as 
that by Davies & Wilson (1974) used donor swabs.  The authors engaged the assistance of their 
colleagues who provided post-coital swabs and provided information anonymously about their 
recent sexual intercourse.  This approach clearly provided more reliable information about the 
sexual acts but the samples were taken by the donors themselves in rest room facilities at the 
workplace and not using a standard examination methods as an FME would.  These anomalies could 
reasonably be considered to skew the data but they remain among the few information sets 
currently available to forensic scientists and form the basis of current forensic interpretation 
analysis.  
More complicated case evaluation examples include the consideration of the expectation of 
findings on intimate swabs taken from a complainant who had unprotected sexual intercourse with 
another (or sometimes the same) male either before or after an alleged rape occurred.  Given the 
relatively recent advances in both spermatozoa recovery techniques and sensitivity of forensic DNA 
Introduction and Literature Review 
15 
  
analysis, it is likely that further studies of updated time since intercourse (TSI) data could provide 
improved information for case interpretation.  However, in practice, semen is not always found on 
intimate swabs.  In these cases, consideration is then given to the examination of other submitted 
exhibits, in particular clothing items such as underwear and associated sanitary protection items if 
available.  These items may also take on additional significance if specific details of an allegation 
are unclear or unavailable.  These situations may arise in cases involving infants, small children or 
the elderly, all of whom may not be either able or willing to communicate.  
1.9 Sample handling 
As previously described, the normal volume range for human ejaculate is 1.5 mL – 5.5 mL with a 
count range being 50 – 250 x 106 spermatozoa per mL (Keel & Webster, 1990).    The accuracy of 
these measurements is dependent on sampling and consideration of some of the physical 
properties of semen, which can have a variety of effects.  Semen samples can vary widely in 
viscosity, a property which is arbitrarily measured by a visual assessment of the ease by which it is 
pipetted.  The viscosity in turn can be improved by repeated pipetting but samples which contain 
specific anti-sperm antibodies can also exhibit agglutination (Keel & Webster, 1990).  Agglutination 
is the property whereby the spermatozoa cling together in clumps which makes them difficult to 
both visualise and accurately count.  This property can also be exacerbated when samples undergo 
repeat freeze / thaw conditions (World Health Organization., 2010) so this was specifically avoided 
in this study.  Semen recovery in forensic casework is measured using an approximate scale based 
on numbers of spermatozoa visible in fields of view at x 400 magnification on a compound 
microscope.  This scale is shown in Table 1.3 and originates from Davies & Wilson, (1974).  It should 
be noted that this method was qualitative and served only as an approximation of the presence of 
spermatozoa and as such provides only a subjective assessment (Tobe et al., 2015).  This is generally 
sufficient for forensic purposes which do not often require an accurate quantitative assessment.  
The wide variance of both within and between sample properties however, indicate that it would 
be difficult to settle on a specific, casework-ready protocol as the semen deposition on casework 
exhibits will always be unknown.       
Table 1.3: Scale for approximating the number of spermatozoa present on microscope slide 
preparations of sample extractions 
Notation Description 
Few fewer than 5 spermatozoa found 
+H hard to find 
++H some in some fields, easy to find 
+++H many or some in most fields 
++++H many in every field 
T indicates the additional presence of spermatozoa with intact tails 
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1.10 State of current methodology for forensic recovery of semen from 
SAPs  
The inability to recover semen from items containing SAPs has long been a problem from an 
investigation perspective and there is currently no known method to release spermatozoa from 
forensic casework exhibits.  There was a need to address this issue, to seek to develop a method of 
releasing any spermatozoa deposited on sanitary protection products which would be achievable, 
timely, cost effective and compatible with current operational laboratory techniques. 
No publications with experimentation directly tackling and addressing the recovery of semen were 
found in the forensic scientific literature and nothing semen specific was found in a wider subject 
search.  However, Liu et al., (2012) reported that the application of Calcium Chloride dehydrate 
powder released urine from nappies and facilitated the evaluation of the levels of phthalates in 
infant urine.  This study therefore demonstrated in principle that the release of liquid from SAPs 
was possible but they used comparatively large volumes (recovering 7.8 – 8.0 mL from a 10 g 
sample).  Hu, Beach, Raymer, & Gardner (2004) used a similar technique to recover urine from 
disposable nappies for pyrethroid pesticide studies.  By contrast, they used varying concentrations 
of four different salts (calcium chloride dehydrate, magnesium sulphate, ammonium acetate and 
sodium chloride) although selecting g/mL rather than molar solutions.  They achieved maximum 
urine recovery using calcium chloride dehydrate and observed no recovered urine using 
comparable ionic strengths of ammonium acetate or sodium chloride.    
A typical extraction volume for an intimate swab or excised piece of stained fabric substrate in a 
forensic laboratory would be 1 mL (Allard, 1997) and, if in a homogenous sample, this would provide 
ample DNA to amplify a reportable DNA profile.  Similarly, semen is likely to be deposited in much 
smaller volumes (based on known average ejaculate) than the volumes of urine examined in the 
studies of Liu et al., (2012) and Hu, Beach, Raymer, & Gardner (2004) so this study sought to address 
whether their respective desorption methods could be adapted and applied to lower volumes. 
Consideration would also be given to finding a method which would be compatible with existing 
laboratory extraction techniques and also be reliable in the presence of other biological material 
and/or organic matter typically found in sanitary products.   
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1.11 Aims and objectives  
The objective of this study was to establish whether spermatozoa could be released from the 
superabsorbent polymers (SAPs) found in commercially manufactured sanitary protection 
products.   
The work sought to address the following aims: 
 Evaluation of SAP containing, sanitary protection products available on the UK market; 
 Investigation into how these products behaved when introduced to a sample of animal 
semen; 
 Investigation of various different proposed methods to release semen from the SAPs 
contained within sanitary protection products; 
 Development of a reproducible method to facilitate the extraction of animal semen from 
the SAP; 
 Testing the efficacy of any developed method using a source of human semen; 
 Testing effectiveness and validity of any developed method by attempting to obtain an 
evidential quality DNA profile, using industry standard DNA analysis, from any recovered 
human semen. 
Aspects of timeliness, cost effectiveness and compatibility with existing techniques were also 
considered.   
The progression and completion of this work will allow for more robust investigation into cases 
involving these types of substrate.  It is hoped that this initial study will facilitate the development 
of a simple, efficient and cost-effective method to release spermatozoa from sanitary protection 
products.  This will both contribute to scientific knowledge and ultimately to forensic investigation 
and evidence interpretation, potentially leading to improved resolution of such cases.   
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2 Methods and Materials 
2.1 Receipt and storage of animal semen samples 
Boar semen samples were sourced from (JSR Genetics Ltd., Driffield, England).  The samples were 
supplied in 75 mL raw semen packs which were separated into 10 mL aliquots and stored frozen at 
-4 oC to reduce the freeze thawing effects known to have an adverse effect on semen (World Health 
Organisation, 2010).  The concentration of each aliquot was calculated on thawing for each tube 
before use (Chapter 2, see section 2.3).  A set of serial dilutions was made from each selected 
aliquot of boar semen in order to accurately estimate the concentration of spermatozoa in each 
aliquot.  It was established that a 1/100 dilution reliably provided the most concentrated dilution 
to permit the visualisation and counting of spermatozoa on a microscope slide. 
 
2.2 Measurement of spermatozoa concentration in neat animal semen 
samples 
Three aliquots, each 1 microlitre (µL) in volume of each dilution, were pipetted onto microscope 
slides, placed on a hotplate (PC-620D, Corning, New York, USA) at 70oC until the sample was dry 
and secured under glass coverslips using a Hydromount (National Diagnostics, Nottingham, UK) 
mounting medium to allow microscopic observation.  The spermatozoa were counted to establish 
the numbers present in each of the spots and an average of the three totals was taken for each 
dilution.  The number of spermatozoa per µL for each dilution was calculated and used to determine 
whether the sample needed to be diluted further.  It was preferable to use the least diluted sample 
which allowed for accurate spermatozoa counting by eye.   
 
2.3 Preparation of test substrate samples from sanitary towels 
Tesco Ultra sanitary towels (Tesco, Welwyn Garden City, UK) were selected to prepare the test 
substrate samples.  A grid of 1 cm x 1 cm squares was drawn on the reverse of the backing plastic 
wrapper and these were cut using scissors (Figure 2.1).  Each 1 cm x 1 cm square had 300 µL of neat 
semen added which was pipetted directly through the upper, non-woven layer.  As the objective of 
this work was to establish whether semen could be recovered specifically from the SAP, the upper, 
non-woven layer of fabric from each 1 cm x 1 cm piece was removed and retained in a 1.5 mL 
Eppendorf tube (Fisher Scientific, Leicestershire, UK) for later examination.  Similarly, as the plastic 
wrapper layer would be unlikely to be recovered as part of a worn, casework exhibit, this layer was 
removed and discarded.  The prepared substrate squares were each transferred to individual 1.5 
mL Eppendorf tubes and labelled.   
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Figure 2.1: Tesco Ultra sanitary towel and 1 cm wide sections from which were cut 1 cm 
x 1 cm test substrate samples.   
   
2.4 Preparation of microscope slides 
Standard sized microscope slides with frosted ends were used and the date and experimental 
details were recorded on them.  The upper side of the slide which would receive the extracted 
samples was wiped with a tissue soaked with Petroleum Ether to degrease it as the emulsion nature 
of semen was known to prevent secure adhesion.  Circles were drawn on the reverse side of the 
slide with a permanent marker pen as a guide for sample spotting and to aid the location of the 
dried spots during microscopy.  The slides were placed on a hotplate (PC-620D, Corning, New York, 
USA) at 70oC and covered to avoid any contamination.  Once the spotted samples were dry, they 
were stained with Haematoxylin (Raymond A Lamb, Eastbourne, UK) for approximately two 
minutes, washed with distilled, deionised water (ddH2O), then stained with Eosin (Acros Organics, 
New Jersey, USA) for approximately 20 seconds, washed again with ddH2O and returned to the 
hotplate to dry.  Once dry, a glass coverslip was attached using Hydromount mounting medium to 
fix the samples in place.  
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2.5 Slide searching for spermatozoa 
The sample spots on the slides were searched using a compound microscope (Leica DM500, Leica-
Microsystems, Wetzlar, Germany) with a camera attachment (Leica ICC 50 W).  The slides were 
placed on the microscope stage and spots located initially using the x 4 objective lens.  The spots 
were then systematically searched using the x 40 objective (to achieve x 400 magnification) as it is 
only at this magnification that spermatozoa are reliably identifiable.  The edge of the spot was 
located (if possible) and the stage was moved up and down and left to right systematically, counting 
the spermatozoa visible in one field of view at a time and recording the total seen.  It was important 
to note that the spermatozoa were not all in exactly the same plane within the mounting medium.  
Therefore, it was essential to employ the fine focus function of the microscope during visualisation 
of each field of view to ensure all spermatozoa present were observed and counted.  Similarly, in 
some instances, the mounting medium formed bubbles over the dried aliquot sample spot (Figure 
2.2).  It was still possible to visualise spermatozoa under these bubbles with efficient use of the fine 
focus function of the microscope.   
 
 
Figure 2.2: Spermatozoa visible under a bubble of mounting medium on microscope slide.  
The pink area in the image is the actual plane the sample spot is in which appeared out of 
focus when the area under the medium bubble was examined.  
 
In some samples, the edge of the dried spot was not clearly visible, usually due to the low 
concentration of cellular material present.  When this occurred, the whole area of the slide 
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contained within the circle drawn on its underside was searched to ensure the whole sample was 
seen and accounted for.  Some samples were too heavily populated to count them accurately.  In 
these instances, the number of fields of view for the spot was estimated then the spermatozoa 
were counted in ten fields selected at random across the whole spot.  The total population was 
then estimated using the total number of fields of view and the average number of spermatozoa 
observed from the ten randomly selected fields.   
A number of criteria were considered for inclusion of apparent spermatozoa in the count.  Size and 
morphology were the main factors, so only those apparent spermatozoa which were within size 
range and of clear, typical morphology were included in the count.  Haematoxylin and Eosin staining 
typically stains spermatozoa in a manner which gave them a diffuse appearance so this 
characteristic was also considered.  When clumps of spermatozoa were observed on the slides 
(Figure 2.3), the count was restricted to only those heads which met these identification criteria 
and were individually visible.  It was recognised therefore that the overall head count on any slides 
exhibiting sample clumping, was likely to be a conservative estimate rather than an accurate figure.  
In some instances, apparent spermatozoa tails were observed however, only those with the 
spermatozoon head remaining attached were included in the recovery count since they could not 
be reliably distinguished from other debris. 
 
Figure 2.3: Agglutination of spermatozoa, illustrating the issues encountered when 
attempting to count accurately. 
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However, spermatozoa without intact tails were included in the count so long as their appearance 
met with the aforementioned criteria, in particular as additionally, it was sometimes possible to 
observe the tail detachment point. 
  
2.6 Initial spermatozoa extraction protocol: Combined Multi-Wash 
method 
 
The Combined Multi-Wash method (Figure 2.4) was devised as an initial attempt to recover the 
maximum number of spermatozoa from SAP containing test substrate samples. 
 
The 1 cm x 1 cm test substrate was seeded with 300 µL of neat boar semen and placed into a 1.5 
mL Eppendorf tube.  The substrate was incubated at ambient temperature for one hour in 1 mL of 
0.5 M CaCl2 (Acros Organics, New Jersey, USA), taking care to ensure the substrate was fully 
submerged in the solution.  After one hour, all of the liquid was removed to a fresh 1.5 mL 
Eppendorf tube which was then centrifuged (Eppendorf Centrifuge 5430 R, Eppendorf, Hamburg, 
Germany) for one minute at 15000 rcf.  The supernatant was removed and discarded, taking care 
not to dislodge the cell pellet.  After this initial removal of supernatant, a Costar spin basket 
(Corning, New York, USA) was added to the Eppendorf tube containing the cell pellet.  The 
remaining substrate from the incubation tube was carefully transferred to this spin basket and the 
whole tube was centrifuged for one minute at 15000 rcf.  After centrifuging, the spin basket 
containing the substrate was returned to the incubation tube for storage if required.  Any recovered 
spermatozoa would now be contained in the cell pellet at the bottom of the tube.  The supernatant 
was again carefully removed and discarded.  The cell pellet was then re-suspended in a further 1 
mL of 0.5 M CaCl2 and then centrifuged again for one minute at 15000 rcf.  The salt solution washing 
step was repeated once more with the same solution concentration, followed by a final re-
suspension in 1 mL of ddH2O.  This final supernatant was then removed and the resultant cell pellet 
was re-suspended in 100 µL dH2O.  A series of 1 µL aliquots of the resultant cell suspension were 
then placed onto the heated, prepared microscope slide, covered again and left to dry.  The total 
number of observed spermatozoa in each whole aliquot were counted and recorded to facilitate 
the calculation of the percentage recovery of spermatozoa.     
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1. Incubate test substrate in 1 mL CaCl2 
for one hour 
2. Transfer test substrate to spin 
basket in separate Eppendorf tube 
3. Centrifuge incubation liquid at 
15000 rcf for one minute 
 
4. Remove supernatant from 
incubation tube, leaving cell 
pellet 
5. Add spin basket to 
incubation tube and 
centrifuge at 15000 rcf for 
one minute 
6. Remove spin basket to separate 
Eppendorf tube and store. 
7. Remove supernatant, leaving cell 
pellet 
8. Re-suspend cell pellet in 1 mL CaCl2 
9. Centrifuge at 15000 rcf for one 
minute 
 10. Remove supernatant leaving cell 
pellet 
11. Repeat steps 8 - 10 as required 
with CaCl2 then with ddH2O 
12. Re-suspend final cell pellet in 100 
µL ddH2O 
Figure 2.4:  Combined Multi-Wash method 
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2.7 Revised protocol for spermatozoa extraction from SAPs: Separate 
Multi-Wash method 
The Separate Multi-Wash method (Figure 2.5) was adapted from the Combined Multi-Wash 
method and differed in the following ways.  After the incubation step in the Combined Multi-Wash 
method, when the test substrate was removed to a spin basket, in this revised method, this spin 
basket was placed into a separate Eppendorf tube, different from the one containing the cell pellet 
from the incubation liquid.    The test substrate was then centrifuged for one minute at 15000 rcf 
to produce a separate cell pellet.  The two collected samples (denoted “pellet” and “basket” 
respectively to distinguish between them), were then separately subjected to the two 0.5 M CaCl2 
wash steps and the ddH2O wash step as described in the Combined Multi-Wash method.  Each of 
the resultant cell pellets (again denoted “pellet” and basket” to distinguish between them) were 
separately re-suspended in 100 µL ddH2O and a series of 1 µL aliquots were recovered from each 
of them so the spermatozoa recovery could be measured and recorded.  This process allowed for 
the evaluation of whether surplus cellular material recovered from the substrate was significant.     
 
2.8 SAP Sperm Wash method (SAPSWash) 
The SAPSWash method (Figure 2.6) was developed following results obtained from the experiments 
undertaken using both the Combined and Separate Multi-Wash methods. 
The 1 cm x 1 cm test substrate was seeded with 300 µL of neat boar semen and placed into a 1.5 
mL Eppendorf tube.  The substrate was incubated at ambient temperature for one hour in 1 mL of 
0.5 M CaCl2, taking care to ensure the substrate was fully submerged in the solution.  After one 
hour, all of the liquid was removed to a fresh 1.5 mL Eppendorf tube which was then centrifuged 
(Eppendorf, Centrifuge 5430 R) for one minute at 15000 rcf.  The supernatant was removed and 
discarded, taking care not to dislodge the cell pellet as any recovered spermatozoa would now be 
contained in the cell pellet at the bottom of the tube.  After this initial removal of supernatant, the 
remaining test substrate was removed to a spin basket which was transferred to a separate 
Eppendorf tube for retention if required.  The cell pellet in the incubation tube was then re-
suspended in a further 1 mL of 0.5 M CaCl2 and then centrifuged again for one minute at 15000 rcf.  
This salt solution washing step was repeated once more with the same solution concentration, 
followed by a final re-suspension in 1 mL of ddH2O.  This final supernatant was then removed and 
the resultant cell pellet was re-suspended in 100 µL ddH2O.  A series of 1 µL aliquots of the resultant 
cell suspension were then placed onto the heated, prepared microscope slide, covered again and 
left to dry.  The total number of observed spermatozoa in each whole aliquot were counted and 
recorded to facilitate the calculation of the percentage recovery of spermatozoa.     
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1. Incubate test substrate in 1 mL CaCl2 for one hour 
 
4. Remove supernatants from both tubes, 
leaving cell pellets 
5. Re-suspend cell pellets in 1 mL CaCl2 
6. Centrifuge the incubation liquid tube 
and the spin basket tube separately at 
15000 rcf for one minute 
7. Remove supernatant from each tube, 
leaving cell pellets 
8. Repeat steps 5 -7 as required with CaCl2 
then with ddH2O 
 
 
2. Transfer test substrate to spin basket 
in separate Eppendorf tube 
3. Centrifuge the incubation liquid tube 
and the spin basket tube separately at 
15000 rcf for one minute 
 
9. Re-suspend final cell pellets in 100 µL 
ddH2O 
 
Figure 2.5: Separate Multi-Wash method 
  Methods and Materials 
27 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
                                      
1. Incubate test substrate in 1 mL CaCl2 
for one hour 
2. Transfer test substrate to spin 
basket in separate Eppendorf tube and 
retain 
3. Centrifuge incubation liquid at 
15000 rcf for one minute 
 
4. Remove supernatant from incubation 
tube, leaving cell pellet 
5. Re-suspend cell pellet in 1 mL CaCl2 
6. Centrifuge at 15000 rcf for one 
minute 
7. Remove supernatant, leaving cell 
pellet 
8. Repeat steps 5 - 7 as required with 
CaCl2 then with ddH2O 
 
 
9. Re-suspend final cell pellet in 100 µL 
ddH2O 
 Figure 2.6:  Super Absorbent Polymer Sperm Wash (SAPSWash) method 
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2.9 Method for water extraction of non-woven upper layer of sanitary 
towel test substrates for recovery of spermatozoa 
The individual non-woven upper layer samples had been placed in 1.5 mL Eppendorf tubes at the 
test substrate preparation stage (Chapter 2, section 2.4).  These were immersed in 1 mL ddH2O and 
vortexed for approximately 20 seconds.  The non-woven fabric samples were left in place in the 
tube and a series of 1 µL aliquots were removed and spotted onto microscope slides, dried and 
stained.  The spots were searched to count the number of spermatozoa present. 
2.10 Receipt and storage of human semen samples  
Human semen samples provided by donors to the Wessex Fertility Clinic had been treated with 
Sperm Freeze (FertiPro, Beernem, Belgium) cryo-protectant to preserve them for fertility purposes.  
The preserved samples were stored in 500 µL sterile straws with cotton plugs (Cryo Bio System, 
Saint Ouen Sur Iton, France) and initially slowly frozen in liquid nitrogen vapour before being fully 
frozen in liquid nitrogen at -20 oC.  The samples provided for use in this work had been prepared as 
described above and frozen only once since their receipt at the fertility clinic.  Once donor 
permission had been obtained (Appendix 1) and the clinic were informed that a sample was 
required for use, it was defrosted into Nunc IVF 11 mL Centrifuge Tubes (Thermo Fisher Scientific, 
Roskilde, Denmark), centrifuged at 1400 rpm for 5 minutes and treated with Quinn’s Sperm 
Washing Medium (Sage In-Vitro Fertilization, Trumbull, Connecticut, USA) to remove the cryo-
protectant before temporary storage in a Repromed Round Bottom Tube 5 mL (Hunter Scientific, 
Saffron Walden, UK).  The cleaned spermatozoa samples were supplied for use in 500 µL sterile 
straws with cotton plugs and transferred for storage in a freezer at -4 oC.  The sample was also 
provided with a known concentration of 65 million spermatozoa per mL. 
 
2.11 Ethics 
All of the work undertaken in this study was the subject of approval by the University of 
Portsmouth, Science Faculty Ethics Committee (SFEC) prior to the commencement of any 
experimental work.  Particular reference was made to the use of both animal and human semen 
sample and the identification of a suitable source of human donor semen.  This work was the 
subject of a further application to the SFEC to deal with a substantial amendment regarding the 
permissions required from the human semen donor regarding DNA analysis.  Ethical approval was 
granted for both applications (E-2016-026 and E-2016-026A).  Copies of the application forms and 
approval letters were included in Appendix 1. 
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2.12 Provision of reference buccal scrapes 
Since DNA analysis was to be used to test whether any recovered semen could be matched to the 
original donor, it was necessary to obtain a DNA reference sample for comparison.  The Wessex 
Fertility Clinic were provided with a buccal scrape mouth swab reference kit by Key Forensic 
Services Ltd (KFS) and samples from the donor’s mouth were taken as a DNA reference sample.  
Since the donor remained anonymous, the identification documentation normally required by the 
forensic service provider was taken and retained by the Clinic and a letter was provided to confirm 
consent had been given under the terms of reference provided in the Participant Information Sheet 
(Appendix 1) provided to the donor.  Key Forensic Services Ltd hold a staff elimination database 
(SED) so they are able to investigate any instances of suspected contamination within their standard 
laboratory processes.  For the same purpose, this database also holds for twelve months the DNA 
profiles of any other known persons or samples who have accessed the KFS laboratories.  The letter 
provided by Wessex Fertility Clinic on behalf of the donor also documented his permission for his 
DNA profile to be retained on the SED and then removed and destroyed after twelve months.  
The ESI17 DNA profile of the researcher had been obtained previously and was also used for 
comparison purposes for this study. 
 
2.13 DNA analysis 
The DNA analysis undertaken on the human semen samples was provided by Key Forensic Services 
Ltd (Coventry, UK) at their site in Norfolk and using the following method.   
Manual DNA extraction was carried out using the QIAamp® DNA Mini Kit (Qiagen, Hilden, Germany), 
with an addition of DDT to extract the DNA from the spermatozoa, giving a final extract volume of 
50 µl.  Each sample was quantified, in duplicate, using the Plexor® HY real-time PCR quantification 
kit (Promega, Maddison, Wisconsin, USA).  Allele amplification was carried out using PowerPlex® 
ESI17 Fast PCR kit (Promega, Maddison, Wisconsin, USA) and electrophoretic separation carried out 
on the Life Technologies™ 3130xl (Thermo Fisher Scientific, Waltham, Massachusetts, USA). 
 
The DNA Profile analysis was carried out using GeneMapper ID-X v1.3 (Thermo Fisher Scientific, 
Waltham, Massachusetts, USA).  Prior to the DNA analysis it was not known whether the SAP gel 
would inhibit the reactions.  Any samples which provided incomplete DNA profiles were reworked 
using a Microcon® Centrifugal Filter (Merch Millipore, Burlington, Massachusetts, USA) clean up 
step with a final volume of 20 µl.  Such samples were reprocessed through the quantification, PCR 
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and Capillary Electrophoresis stages of the DNA analysis process.  The DNA analysis process 
paperwork was provided in Appendix 2. 
 
2.14 Statistical analysis 
The Analysis of Variance to establish whether there was any statistical significance between the salt 
solution concentrations was done using Microsoft Excel.  The remaining statistical analysis on the 
spermatozoa recovery data was carried out using Minitab 18.  The data sets obtained from each of 
the experimental methods did not exhibit normal distributions therefore, comparisons were 
examined using the non-parametric tests.  Specifically, the Friedman test was used for related 
experimental data and the Kruskal-Wallis test was used for non-related experimental data.    
  
  Methods and Materials 
31 
  
 
Methodological Development of a Technique to Extract Spermatozoa from SAPs  
32 
  
3 Methodological Development of a Technique to Extract 
Spermatozoa from SAPs 
3.1 Aims  
A review of the literature had revealed that it was possible in practice to disrupt SAPs sufficiently to 
release water or urine from them but these methods had not been applied specifically to semen.  
As semen is predominantly comprised of water, the aim of this chapter was to evaluate whether the 
methods identified and discussed in the Introduction and Literature Review could be either directly 
applied or suitably adapted to facilitate the release of spermatozoa from the SAP containing sanitary 
protection products encountered in forensic casework.  Specific consideration was given to the likely 
reduced volume of recovered semen in forensic casework scenarios compared with the published 
methods found for the release of urine.  The overall aim of this chapter therefore was to develop an 
initial method to facilitate the release of spermatozoa in order to produce qualitative recovery data 
for evaluation. 
3.2 Introduction 
It had been established from the literature that Liu et al., (2012) used CaCl2 in powder form to break 
the SAP cross linking and release urine from the nappies in their experiments and that the 
application of salts could disrupt the cross linking in their structure (Schweins & Huber, 2001).  
Sanitary protection products submitted as forensic casework exhibits were considered likely to be 
contaminated with a maximum ejaculate volume of the target spermatozoa, rather than the variable 
volumes of urine considered by Liu et al., (2012).  If it could be shown that the application of CaCl2 
broke the SAP cross linking sufficiently to release any deposited spermatozoa, then consideration 
would also need to be given in this study to how this could be separated from the absorbent wood 
pulp also contained within the products, as it would be preferable to isolate the spermatozoa for 
DNA analysis.  Masuda (1994) reported that the SAP gel structure can be disrupted under pressure, 
and indeed manufacturers continually claim to have produced “new and improved” products by 
altering their construction to account for the absorption under load (AUL) properties.  It was 
therefore considered that spermatozoa may also be released from the gel matrix by either applying 
pressure or by flooding, using an application of excess liquid.  Therefore, these properties formed 
the basis of the initial investigations to identify the most effective and practical method of semen 
recovery from SAP containing products.   
In order to develop an extraction method it was necessary to investigate the range of sanitary 
protection products available.  A selection of commercially available nappies, sanitary towels and 
incontinence pads were sourced to observe their respective construction and investigate whether 
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they all contained the superabsorbent polymer.  Following an initial visual examination, a series of 
experiments were devised and undertaken to investigate the performance and critically, the 
potential failure of the SAP under varied conditions to assist in formulating a method to release 
spermatozoa for forensic casework investigation.  Both brand leaders and cheaper, supermarket 
brand alternatives were purchased and all were available in multiple packs with the incontinence 
pads and sanitary towels also individually packaged within the outer wrapper.  This preliminary 
examination was to aid the selection of the most appropriate sample to progress the experiments 
once a formal extraction method had been established.   
3.3 Methods and Materials 
3.3.1 Evaluation of sanitary protection products 
The sanitary protection products purchased were as follows: 
 Huggies Pull-Ups, boys and girls (Kimberly-Clark, West Malling, UK) 
 Tesco New Born (Tesco, Cheshunt, UK) 
 Always Ultra (Procter and Gamble, Weybridge, UK) 
 Tesco Ultra (Tesco, Welwyn Garden City, UK) 
 Tena Lady (SCA Hygiene Products AB, MÖlndal, Sweden) 
A single product from each pack was examined to observe its construction and to establish whether 
there was SAP present.  Square samples measuring 1 cm x 1 cm and 2 cm x 2 cm were excised from 
each of the purchased sanitary protection products and these were weighed to compare each item 
(Table 3.1). 
3.3.2 Evaluation of absorption properties 
Since the project aim was to recover semen that had been fully absorbed into the SAP, distilled, de-
ionised water and boar semen were applied separately onto each of the products in 1 mL aliquots, 
solely in order to observe their respective absorption properties.  The time taken for each aliquot to 
have visibly soaked through the upper layer and therefore into the SAP layer beneath was recorded 
(Table 3.2). 
3.3.3 Preparation of test samples 
A batch of test samples (Figure 3.1) were prepared using the method described in Chapter 2, section 
2.4 and using 1 cm x 1 cm squares excised from supermarket brand “Ultra” sanitary towels and 
retained in individual 1.5 mL Eppendorf tubes, or 5 mL plastic syringes (BDPlastipak, Madrid, Spain) 
when required.  These test samples were used to progress the following series of investigative 
experiments to test the semen release and subsequent recovery.  
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3.3.4 Evaluation of prospective spermatozoa release techniques 
The following series of experiments were devised and undertaken to observe the behaviour of the 
SAP containing test substrates.  These were qualitative, non-repeated, preliminary experiments, 
performed solely to observe the behaviour of the excised material under a range of different 
conditions with a range of variables as described below. 
3.3.4.1 Application of manual pressure on SAPs in both the presence and absence of 
CaCl2 powder 
One freshly prepared test substrate was agitated within its Eppendorf tube using a wooden orange 
stick to establish whether any semen could be expressed from it.  This was repeated on another test 
substrate which additionally had 0.15 g of CaCl2 added to its Eppendorf tube.  Two further test 
substrates were placed in separate 5 mL plastic syringes, one with 0.15 g CaCl2 and one without.  
The syringes were plunged and any expressed liquid was captured in individual 1.5 mL Eppendorf 
tubes.  Each of the four prepared samples were assessed by the recovery of a 5 µL aliquot onto a 
microscope slide using the method described in Chapter 2, section 2.5.  Each of these four methods 
was performed on freshly prepared test substrates and then repeated on an additional set which 
Figure 3.1: Test substrates samples.  1 cm x 1 cm samples cut from Tesco Ultra sanitary towel 
and seeded with 300 µL of boar semen.  The swollen SAP gel beads can be seen. 
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had been stored frozen for approximately four months in order to further assess the efficacy of 
these methods on long term storage of the samples (Table 3.3)   
3.3.4.2 Comparison of the effect of varied amounts of solid CaCl2 and varied volumes 
fixed concentration of CaCl2 solution on test substrates  
Separate test substrates were treated with differing amounts of solid CaCl2 and differing volumes of 
a 1.0 Molar (M) solution of CaCl2.  One of each was treated with 0.15 g solid CaCl2, 0.3 g solid CaCl2 
and 300 µL, 500 µL and 1000 µL of 1 M CaCl2.  Microscopic visualisation was attempted for each 
sample.  The resultant extracts were transferred to separate Costar spin baskets in separate 
Eppendorf tubes and centrifuged at 15,000 rcf for one minute.  Microscopic visualisation using 5 µL 
aliquots was again attempted for each sample (Table 3.4).   
3.3.4.3 Comparison of the effect of varied amounts of solid CaCl2 and varied volumes of a 
fixed concentration of CaCl2 solution on test substrates.  Samples additionally 
subjected to pressure from a syringe  
Separate test substrates were treated with differing amounts of solid CaCl2 and differing volumes of 
a 1.0 M solution of CaCl2.  One of each was treated with 0.15 g solid CaCl2, 0.3 g solid CaCl2 and 300 
µL, 500 µL and 1000 µL of 1 M CaCl2.  Microscopic visualisation was attempted for each sample.  The 
resultant extracts were transferred to separate 5 mL plastic syringes and the liquid resulting from 
them after plunging was recovered.   Microscopic visualisation was attempted for each sample 
(Table 3.5). 
3.3.4.4 Comparison of the effect of varied volumes and varied concentrations of CaCl2 
solutions on test substrates  
Separate test substrates were treated with differing volumes and differing concentrations of CaCl2 
solutions.  One of each was treated with 300 µL, 500 µL and 1000 µL of 0.1 M, 0.5 M, 1.0 M and 2.0 
M CaCl2. – a total of twelve sample combinations.  Each of these samples were assessed by the 
recovery of a 5 µL aliquot onto a microscope slide using the method described in Chapter 2, section 
2.5.    The resultant extracts were transferred to separate Costar spin baskets in separate Eppendorf 
tubes and centrifuged at 15,000 rcf for one minute.  Microscopic visualisation using 5 µL aliquots 
was again attempted for each sample.  The results comparing the effect of fixed volume and varied 
concentration for both the centrifuged and non-centrifuged samples were presented in Table 3.6.  
These results were presented again in Table 3.7 but comparing the effect of fixed concentration and 
varied volume.   
3.3.4.5 Determination of appropriate centrifuge settings for maximum sample recovery 
A simple experiment was devised to assess the effect of differing spin speeds on sample recovery.  
Four test samples were prepared using the protocol described earlier in this chapter.  These were 
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placed in a Costar spin basket within an Eppendorf tube with 500 µL of 0.5 M CaCl2 and incubated 
at room temperature for 30 minutes.  Table 3.8 shows the results of centrifuging the substrate 
samples for one minute at a selection of different speeds.   
3.3.4.6 Effects of semen sample drying 
An experiment to measure weight loss over time on samples of supermarket brand, new-born nappy 
and “ultra” sanitary towel samples was conducted.  A batch of 2 cm x 2 cm samples of each substrate 
were prepared, half of which were stained with equal volumes of semen and half were left dry.  
These were placed in individual plastic universal tubes and examples of each substrate, wet and dry 
were prepared in tube both sealed and unsealed with their respective screw caps.  All tubes were 
weighed immediately, then again on the following two days and then again on the ninth day after 
sample preparation (Table 3.9)   
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3.4 Results  
3.4.1 Evaluation of sanitary product samples 
The samples were dissected to investigate their construction and it was observed that the content 
of the inner layer of absorbent pulp appeared to be the same for each item type – a wadding 
material mixed with the granular superabsorbent polymer.  This observation supported the 
construction described in the literature (US Patent, 3,406,559).  The wadding layer was of uniform 
thickness along the length of individual items but, as anticipated, of differing thickness for nappies, 
sanitary towels and incontinence pads respectively (Table 3.2).  
One of the purchased leading brand pull-up nappies was dissected to observe its construction 
(Figure 3.3).  It comprised an outer polyethylene backing layer, with an inner absorbent layer, made 
from a pulp like wadding material mixed with granular superabsorbent polymer.  This layer was of 
uniform thickness along the length of the nappy and was covered by an inner, fabric-like layer, 
described in the literature as non-woven fabric (Buchholz, 1996) and also comprising a stretch 
feature.  There was an additional rectangular fabric layer in the centre crotch under the main outer 
layer.   There was a cuff along the longitudinal edges which was secured at each end on both sides, 
designed to prevent waste spillage and elastic has been added along the edges at the crotch to 
improve fit for the wearer.  The nappy had tabs on both sides, front and back, with a hooked fibre, 
re-sealable fastening. 
The thickness and distribution of the absorbent pulp appeared to be similar between the 
supermarket brand and leading brand nappies (Table 3.2, Figure 3.2).  The supermarket brand, new-
born nappy (Figure 3.4) was of similar appearance and construction, although the outer non-woven 
fabric did not appear to have stretch characteristics like the leading brand product.  . 
Upper layer      ------------------------             ------------------------      ------------------------ 
SAP  
containing 
pulp 
Backing             _______________      
                            Nappy                                  Incontinence pad         Ultra sanitary towel 
 
Figure 3.2: Schematic diagram to illustrate the difference in thickness of SAP containing 
products. 
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Figure 3.3: Huggies nappy.  Upper image shows outer surface and lower image shows inner 
surface of the Huggies pull up pants for girls. 
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Figure 3.4: Tesco new-born nappy.  Upper image shows outer surface and lower image 
shows inner surface. 
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Figure 3.5: Supermarket brand sanitary towel.  An individually packaged sanitary towel 
as sold is on the left and another, unwrapped on the right. 
 
The leading brand sanitary towels were of similar general construction to the nappies but were 
much thinner overall and appeared to be more of a panty liner than a previously, more bulky 
sanitary towel.  They had a printed brand logo on the upper non-woven fabric layer (Figure 3.5).  
Deconstruction of the item revealed the presence of the superabsorbent polymer within the thin 
pulp layer.  These items were supplied in individual plastic wrappers.  An adhesive strip on a paper 
backing layer held the item both within the plastic wrapping and onto the underwear of the wearer.  
The supermarket brand sanitary towel also appeared to be of similar construction and dimension.  
By observation, the difference between “regular” and “super” sizes of both products appeared to 
be the overall length of the item rather than the proportionate polymer pulp content.  The Tena 
Lady incontinence pads were also supplied in individual plastic wrappers and were slightly thicker 
than the observed nappies (Table 3.2, Figure 3.6).  The wadding layer appeared similar in 
construction to the observed nappies and sanitary towels in that the SAP grains were distributed 
through an absorbent pulp. 
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Figure 3.6: Tena Lady incontinence pad.  An incontinence pad, unwrapped from its                
individual wrapping packaging. 
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3.4.2 Experimental Results 
The data presented in Table 3.1 showed the weights of samples excised from each of the purchased 
sanitary protection products.  The 2 cm x 2 cm samples were four times the size of the 1 cm x 1 cm 
samples.  It was noted that 2 cm x 2 cm samples taken from the nappies and the incontinence pads, 
the thickest samples, were greater than four times the weight of the smaller samples. 
Water and semen were added separately in 1 mL aliquots to each of the sanitary protection product 
samples and their absorbance was observed (Table 3.2).  After wetting, the samples were cut open 
to reveal that the visual appearance of the SAP had changed from dry grains to gel like beads which 
were < 1 mm in diameter.  The visual appearance of the gel like bead was the same for samples 
wetted with both water and boar semen alike.  
 
 
Table 3.1: Observation of weights of range of sanitary protection products.  Squares were 
excised from each of the samples listed and the weights of 1 cm x 1 cm and 2 cm x 2 cm 
excised squares respectively were measured and recorded. 
 
 
 
 
 
 
 
 
 
 
  
Sanitary protection product 1 cm x 1 cm weight 2 cm x 2 cm weight 
Huggies potty training pants 
for boys  
0.125 g 0.331 g 
Tesco nappies for new-borns  0.047 g 0.273 g 
Tesco “ultra” sanitary pad 0.086 g 0.316 g 
Always “ultra” sanitary pad 0.011 g 0.061 g 
Tena Lady incontinence pads 
“normal”  
0.086 g 0.309 g 
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Table 3.2: Observation of absorption properties of sanitary protection products.  The 
absorption of water and semen into a selection of sanitary protection products was observed 
to understand how the SAP behaved and establish if there was any visual difference in the 
SAP granules when absorbing the two different fluids.  The thickness of the wadding of each 
product is also recorded. 
Absorbent product Water absorption properties (1.0 mL) Thickness (mm) 
Huggies potty training 
pants for boys  
Bubble remained unabsorbed on 
surface for >2 hours 
10 mm 
Huggies pull-up pants for 
girls  
Bubble remained unabsorbed on 
surface for >2 hours 
8 mm 
Tesco nappies for 
newborns  
Soaked in immediately 
Gel-like beads visible 
6 mm 
Tena Lady incontinence 
pads “normal” 
Soaked in immediately 
Gel-like beads visible 
10.5 mm 
Always “ultra” sanitary pad Soaked in slowly, some repelling of 
surface  
Gel-like beads visible 
1.8 mm 
Tesco “ultra” sanitary pad  Soaked in immediately 
Gel-like beads visible 
2 mm 
 
Absorbent product Semen absorption properties (1.0 mL) 
Huggies potty training pants for boys  Bubble remained unabsorbed on surface  
for >2 hours 
Huggies pull-up pants for girls  Bubble remained unabsorbed on surface  
for >2 hours 
Tesco nappies for newborns  Soaked in immediately,  
Gel-like beads visible 
Tena Lady incontinence pads “normal” Soaked in immediately 
Gel-like beads visible 
Always “ultra” sanitary pad Soaked in immediately 
Gel-like beads visible 
Tesco “ultra” sanitary pad  Soaked in immediately 
Gel-like beads visible 
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3.4.2.1 Application of manual and mechanical pressure in both the presence and 
absence of CaCl2 powder 
 
Table 3.3: Initial tests to show reversal of absorption properties of SAP using CaCl2 and/or 
pressure. Preliminary observations of the behaviour of SAPs with and without the addition of 
CaCl2 and with and without the application of pressure, to investigate whether the release of 
spermatozoa was possible in principle. 
 
In both sets of samples (fresh and frozen), approximately 200 µL liquid was released using all but 
the first method (manual manipulation).  Attempts were made to visualise any released sperm 
heads by drying 5 µl aliquots of any liquid recovered onto microscope slides using the method 
described in Chapter 2, section 2.5.  Once dry, the spots had a crystalline, chalk-like appearance and 
the resulting extraction product under these initial experimental conditions remained gel-like in 
formation.   
Protocol Deposition on 
slide  
Dried 
spot 
Haemotoxylin 
(H) and Eosin 
(E) staining 
Visualisation of 
spermatozoa 
Fresh       Frozen 
Pulp added to 1 mL 
Eppendorf 
     
No CaCl2 
Manual 
manipulation only. 
Attempt 
unsuccessful 
White, 
chalk-like  
Rinsing H off with 
H2O  washed away 
spot but E still 
added  
No             No  
 
0.15g CaCl2  
Manual 
manipulation 
Visible spot 
Bubbling 
present 
White, 
chalk-like 
Rinsing H off with 
H2O washed away 
spot but E still 
added  
Yes           Yes 
 
Pulp added to 5 mL 
syringe 
     
No CaCl2 added  
Syringe plunged, 
expressed liquid 
captured in 
Eppendorf. 
Visible, flat spot  
Gel-like 
appearance 
White, 
chalk-like 
Rinsing H off with 
H2O washed away 
spot but E still 
added 
Yes          Yes 
 
0.15 g CaCl2 added 
Syringe plunged, 
expressed liquid 
captured in 
Eppendorf. 
Visible raised 
spot 
Gel-like 
appearance 
White, 
chalk-like 
Rinsing H off with 
H2O washed away 
spot but E still 
added 
Yes         Yes 
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3.4.2.2 Comparison of the effect of varied amounts of solid CaCl2 and varied volumes 
fixed concentration of CaCl2 solution on test substrates  
 
Table 3.4: Comparison of effects of varied amounts of solid CaCl2 and volumes of 1 M CaCl2 
solution added to test substrates, with and without centrifuging.  1 cm x 1 cm squares of Tesco 
Ultra sanitary towel wadding seeded with 300 µL of boar semen were tested using the addition of 
CaCl2 as listed.  The spermatozoa recorded on the microscope slide preparations of dried 5 µl 
aliquots both before and after the stained pulp was centrifuged using a Costar spin basket for 1 
minute at 15,000 rcf are recorded. 
 
This small subset of preliminary results demonstrated that using CaCl2 in solution delivered an 
increased yield of spermatozoa than by using solid CaCl2.  The addition of the CaCl2 in 1.0 M solution 
produced a visible gel with visible white beads in each of the different volumes applied.  Each of the 
samples treated with CaCl2 solution produced an apparent cell pellet with supernatant and a 5 µL 
aliquot was spotted onto a prepared microscope slide.  It was also observed that the samples 
prepared using CaCl2 in solution adhered to the microscope slide more readily than those sampled 
with solid CaCl2 although some sample loss was still observed.  It was observed that whilst some 
spermatozoa were released from the gel when using the salt solution, some were still contained 
within gel indicating that the conditions for this experiment did not cause complete breakdown of 
the SAP to release the spermatozoa. 
 
 
  
Protocol Original extract Centrifuged sample 
0.15 g CaCl2 ++H spot not visible on slide Spot washed off slide 
0.3g CaCl2 No spot on slide Spot washed off slide 
300 µL 1M CaCl2 ++++H still in gel  (Figure 3.2) ++++ still in gel 
500 µL 1M CaCl2 ++++H some Hs in gel some not ++++H some Hs in gel some not 
1000 µL 1M CaCl2 ++++H still in gel +++H 
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3.4.2.3 Comparison of the effect of varied amounts of solid CaCl2 and varied volumes of a 
fixed concentration of CaCl2 solution on test substrates.  Samples additionally 
subjected to pressure from a syringe 
 
Table 3.5: Comparison of effects of varied amounts of solid CaCl2 and volumes of 1 M CaCl2 
solution added to test substrates then subjected to pressure after transfer to separate 5 mL 
syringes.   1 cm x 1 cm squares of Tesco Ultra sanitary towel wadding seeded with 300 µL of 
boar semen were tested using the addition of CaCl2 as listed.  The spermatozoa recorded on 
the microscope slide preparations of dried 5 µl aliquots taken from the resultant extracts 
recovered after the syringes had been plunged.   
 
 
It was not possible to deliver a fixed pressure to the syringe by hand and these results indicated an 
overall lower recovery of spermatozoa than the method described in Table 3.4 which used the the 
centrifugal step rather than the application of pressure by the syringe.  It was observed that whilst 
some spermatozoa were released from the gel, some were still contained within it, indicating again 
that the conditions for this experiment did not cause complete breakdown of the SAP to release 
the spermatozoa. 
 
  
Protocol Forced through 5 mL syringe 
0.15 g CaCl2 Not visible on slide 
0.3g CaCl2 Sample solidified 
300 µL 1.0 M CaCl2 ++/+++H still in gel 
500 µL 1.0 M CaCl2 +++H some Hs in gel some not 
1000 µL 1.0 M CaCl2 ++H plentiful but fewer in gel 
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3.4.2.4 Comparison of the effect of fixed volumes of varied concentrations of CaCl2 
solutions on test substrates  
 
These results showed a general trend of increased spermatozoa recovery with increased salt 
concentration, with the lower concentrations of 0.1 M and 0.2 M in some instances delivering no 
detectable recovery (Table 3.6). 
 
Table 3.6: The effect of fixed volumes and varied concentrations of CaCl2 solution 
on test substrates of Tesco Ultra sanitary towels.  1 cm x 1 cm squares of sanitary 
towel wadding was seeded with 300 µL of boar semen.  The spermatozoa recorded 
on the microscope slide preparations of dried 5µl aliquots both before and after 
the stained pulp was centrifuged using a Costar spin basket for 1 minute at 15,000 
rcf was recorded.  This table compared the same volume of different 
concentrations of CaCl2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Protocol Original extract Centrifuged sample 
300 µL 0.1M CaCl2 No visible spot No defined spot, no H seen 
300 µL 0.5M CaCl2 +H most in gel (2 not) No H seen 
300 µL 1.0M CaCl2 ++H still in gel +H few not in gel 
300 µL 2.0M CaCl2 +H still in gel (fig 3) ++H most in gel, few not 
   
500 µL 0.1M CaCl2 ++H No H seen 
500 µL 0.5M CaCl2 ++H still in gel  No H seen 
500 µL 1.0M CaCl2 +H still in gel +H (15total, 7 not in gel) 
500 µL 2.0M CaCl2 +H still in gel +H  
   
1000 µL 0.1M CaCl2 Few H No H seen, no gel seen 
1000 µL 0.5M CaCl2 Few H +H (33 total, 6 not in gel) 
1000 µL 1.0M CaCl2 Few H (3 not in gel) +H (15 total, 4 not in gel) 
1000 µL 2.0M CaCl2 No visible spot 2H only, not in gel 
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a 
Figure 3.7: Spermatozoa recovered using 300 µL of 2.0 M CaCl2.  A single field 
of view at x 50 magnification of microscope slide stained with Haemotoxylin 
and Eosin bearing recovered spermatozoa using 300 µL 2 M CaCl2 extraction 
on 1 cm x 1 cm section of pulp stained with 300 µL of boar semen.  Image a 
showed two spermatozoa apparently still held within the SAP gel matrix and 
Image b showed a single spermatozoon, on the same slide, apparently free 
from the SAP gel matrix. 
b 
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Table 3.7: The effect of varied volumes of fixed concentrations of CaCl2 solution on test 
substrates of Tesco Ultra sanitary towels.  1 cm x 1 cm squares of sanitary towel wadding 
was seeded with 300 µL of boar semen.  The spermatozoa recorded on the microscope slide 
preparations of dried 5µl aliquots both before and after the stained pulp was centrifuged 
using a Costar spin basket for 1 minute at 15,000 rcf was recorded.  This table compared the 
same volume of different concentrations of CaCl2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
The recovery of spermatozoa was poor, with many still retained within the gel and there was no 
obvious trend in recovery due to increased volume when the salt concentration remained fixed.  
However, these experiments did highlight that it would be preferable to measure the recovery 
spermatozoa accurately by counting them individually rather than by using the approximate scale 
as described and shown in Chapter 1, Table 1.3. 
 
 
 
Protocol Original extract Centrifuged sample 
300 µL 0.1M CaCl2 No visible spot No defined spot, no H seen 
500 µL  0.1M CaCl2 ++H No H seen 
1000 µL 0.1M CaCl2 Few H No H seen, no gel seen 
   
300 µL 0.5M CaCl2 +H most in gel (2 not) No H seen 
500 µL 0.5M CaCl2 ++H still in gel  No H seen 
1000 µL 0.5M CaCl2 Few H +H (33 total, 6 not in gel) 
   
300 µL 1.0M CaCl2 ++H still in gel +H few not in gel 
500 µL 1.0M CaCl2 +H still in gel +H (15total, 7 not in gel) 
1000 µL 1.0M CaCl2 Few H (3 not in gel) +H (15 total, 4 not in gel) 
   
300 µL 2.0M CaCl2 +H still in gel (Figure) ++H most in gel, few not 
500 µL 2.0M CaCl2 +H still in gel +H  
1000 µL 2.0M CaCl2 No visible spot 2H only, not in gel 
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3.4.3 Determination of appropriate centrifuge settings for maximum sample 
recovery 
Table 3.8: Comparison of varied centrifugal speeds on test substrates.  1 cm x 1 cm squares of 
supermarket brand Ultra sanitary towel wadding were seeded with 300 µL of boar semen.  The 
pulp layer was removed from its upper and backing and incubated in a Qiagen Lyse and Spin 
basket with 500 µL of 0.5 M at room temperature for 30 minutes.  The samples were visibly 
observed after one minute at the different centrifugal spin speeds shown and the observations 
were recorded. 
 
These results indicated that the centrifuge settings applied in Allard (1997) were suitable for use 
with the samples for the experiments within this work. 
3.4.4 Effects of semen sample drying on salt solution extraction 
 
Table 3.9: Comparison of weights of a wet and dry, 2 cm x 2 cm excised pieces of Tesco 
newborn nappy and Tesco Ultra sanitary towel.  The wet samples were each wetted with 
equal amounts of semen and stored over nine days in closed and open plastic universal 
centrifuge tubes and compared with a matching dry set of samples.  Each sample was weighed 
on day one, then for the following two days and again on day nine after sample preparation. 
  
 
 
 
 
 
 
*visible condensation within tube 
Revolutions Per 
Minute (RPM) 
Relative Centrifugal 
Force (RCF), g 
Sample observation 
 7000 5241 Sample still visibly wet 
10000 10621 Sample still visibly wet 
11844 
 
15000 Sample visibly dry 
14000 20821 Sample visibly dry 
Sample Day 1 Day 2 Day 3 Day 9 
Tesco newborn, wet, closed 15.36 g 15.36 g 15.36 g 15.35 g * 
Tesco newborn, wet open 12.07 g 12.01 g 11.98 g 11.98 g 
Tesco newborn, dry closed 15.28 g 15.28 g 15.28 g 15.28 g 
Tesco newborn, dry open 12.07 g 12.07 g 12.07 g 12.07 g 
     
Tesco Ultra, wet, closed 15.27 g 15.27 g 15.27 g 15.26 g * 
Tesco Ultra, wet, open 12.10 g 12.04 g 11.98 g 11.97 g 
Tesco Ultra, dry closed 15.11 g 15.11 g 15.11 g 15.11 g 
Tesco Ultra, dry, open 11.86 g 11.86 g 11.86 g 11.86 g 
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The measurements shown in Table 3.9 were rounded up to two significant figures.  The results for 
the wet samples of both the nappy and sanitary in the open tubes reduced slightly over the time 
period measured.  Each of the wet samples in the closed tubes showed condensation within the 
tubes on day nine.  The weights of the remaining samples remained constant over the time 
measured.  
 
3.5 Discussion 
These were a series of initial experiments designed to inform the behaviour of the acquired SAP 
containing products to assist in the development of an initial protocol to attempt to extract semen 
from them.  As it was considered likely to be possible to recover unabsorbed semen from outer 
surfaces of sanitary protection products by standard water extraction, only products which fully 
absorbed the semen into the SAP were of interest in this study.  The results obtained showed that 
the supermarket branded items absorbed semen more readily than the brand leading products 
(Table 3.2).  The Tesco “ultra” sanitary towel was selected to progress the work to evaluate the 
developed method protocol as they were small and contained proportionately less SAP which was 
more applicable to the size of consumables available for this work.  It was however recognised that 
the method would need to be further developed, adapted and optimised to accommodate 
proportionate differences in SAP content in other sanitary protection substrates and the commercial 
availability of alternative consumables to accommodate larger sample sizes. 
 
Initially, boar semen was added in 1 mL aliquots to the Tesco “Ultra” sanitary towel, then the semen-
wetted pulp only was removed from underneath a 1 cm x 1 cm section of the upper non-woven 
layer.     It was quickly apparent that it was not possible to reproduce equivalent samples using this 
method and that it was difficult to accurately excise 1 cm x 1 cm sections of pulp which had been 
pre-stained with 1 mL of boar semen.  As the surrounding pulp was also wet with semen, attempts 
at excision of a specific measured area of semen stained pulp typically removed an excess of the 
targeted area.  This informed the need for pre-cut test samples to be stained with a known and 
uniform volume of semen and so the method described in section 2.4 was adopted.  It had been 
anticipated that the use of a scalpel would be preferable for cutting but in practice, scissors 
produced better, reproducible results.  The volume of 300 µL semen was established as sufficient to 
visibly wet, but not flood the SAP within this size of excised wadding pulp.   
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The optimisation of a suitable release technique for spermatozoa was reliant upon the balance of 
breaking down the SAP gel matrix, the successful separation of the product from any associated 
pulp material and maximisation of any recovery to ensure sufficient spermatozoa were recovered 
for effective DNA analysis.  Having identified a preliminary method for recovery, it was necessary to 
devise a simple centrifuge based experiment to identify the best conditions for optimum sample 
recovery.  The “spinaroo” separation technique (Allard et al., 2007) traditionally used a centrifugal 
spin speed of 9000 rcf, to avoid the shearing of the Eppendorf tube lids.  It was quickly apparent in 
this study that this speed was insufficient for maximum recovery of liquid from substrate sample in 
spin baskets as these samples remained visibly wet even after centrifuging for five minutes.  These 
experiments established that centrifuging at 15000 rcf for one minute was effective to produce a 
visibly dry pulp. 
It was noticed during these preliminary experiments that if the semen stained substrates were 
allowed to air dry, then the application of solid CaCl2 had no effect on the breakdown of the SAP gel 
to release any liquid.  Whilst these preliminary tests demonstrated that it was possible to release 
semen from the SAP pulp with direct, manual addition of solid CaCl2 and maceration, slightly 
modifying the approach used by Liu et al. (2012), any attempt to further separate the liquid from 
the absorbent pulp using Costar spin baskets resulted in a post-spin product still gel-like in formation 
with no visible cell pellet.  Also, these samples proved difficult to adhere to a glass microscope slide 
to attempt the identification of spermatozoa.  Initial indications (Table 3.4) were that spermatozoa 
were more readily released from SAPs using CaCl2 in solution rather than only by the solid form as 
used by Liu et al. (2012).  The addition of the CaCl2 in 1.0 M solution produced a visible gel with 
visible white beads.  It was seen that whilst many spermatozoa were visualised on the microscope 
slide, they appeared to be still held within a gel (Figure 3.6), although this appeared to marginally 
improve with the use of larger volumes of solution (Table 3.6).  This preliminarily implied that the 
extraction procedure may require multiple washes of CaCl2 solution to more effectively disrupt the 
SAP and fully facilitate the successful release of spermatozoa from the SAP gel matrix.  CaCl2 was 
selected as the most appropriate salt to use for the extraction method based on the findings of Hu, 
Beach, Raymer, & Gardner (2004) but consideration was also to be given to whether the salt solution 
concentration was significant.  Overall, an improvement in spermatozoa recovery was seen with 
increased salt solution concentration. 
The addition of the solid CaCl2 produced an exothermic reaction with the Eppendorf tubes being 
very hot to touch and a foamy liquid was apparent in them.  Whilst this method did release some 
spermatozoa, it did not produce a manageable sample.  The chalk-like appearance of the extract 
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spots (observed prior to the staining stage) was considered likely to be as a result of precipitated 
Ca2+ ions, as noted in the studies by Schweins & Huber (2001), which could have obscured the 
visibility of any semen present, had it not prevented the spot adhesion.  It was also considered likely 
that this property may also inhibit any subsequent DNA analysis thus highlighting the need to 
consider the development of the protocol to improve sample-slide adhesion.  As the extraction 
product at this stage of experimentation was also still gel-like, it would not adhere to the microscope 
slide in the same way neat semen would for identification purposes.  Whilst there was sufficient 
adhesion for some visualisation, quantitative analysis was not possible since much of the extraction 
product was lost when the slide became wet during the staining process.  This informed the need 
for the further, optimised breakdown of the gel in order to produce and evaluate any results 
quantitatively, further supporting the suggestion that multiple salt washes may improve the initial 
extraction method.  Images of the spots on the slides were not obtained as they were washed at the 
staining stage – which had not been anticipated.  As sample to slide adhesion had been a problem 
during this phase of experiments, a number of solutions were considered to try to alleviate this.  The 
exact temperature of the hotplate was not critical but was set at hand-hot to ensure the adhesion 
problem was not due excessive heat.  The slide adhesion issue was important because, depending 
on the case circumstances, forensic casework currently dictates microscopic identification of 
spermatozoa to confirm the presence of semen before DNA analysis to assist with evaluating the 
attribution of any resultant DNA profile (Owers et al., 2018).  Other biological science disciplines 
employ commercially available coated slides or laboratory prepared gelatin-coated slides to address 
their sample to slide adhesion issues.  Whilst these were investigated, the introduction of a simple 
water washing step after the final CaCl2 wash step proved effective at improving the sample to slide 
adhesion for these extracts and so this was introduced to the initial method protocol. 
An investigation into the behaviour of wet and dry SAP samples revealed that the weight of the 
closed tubes for both wet and dry samples remained essentially constant, although the tubes with 
wet samples displayed visible condensation at the last measurement (Table 3.1).  The weight of the 
tubes which were left open reduced marginally over time, likely due to evaporation of the water 
content of the semen.  This was an important feature to observe since forensic casework exhibits 
are rarely collected immediately after any body fluid deposition.  It was clear, therefore that it 
should be considered that the success of locating any deposition of semen on items containing SAPs 
might reasonably be considered to deteriorate if they were not recovered and stored appropriately 
as soon as possible after deposition.  This reflected the FFLM recommendations already in place. 
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3.6 Conclusion 
It has been demonstrated in principle that it was possible to recover spermatozoa from the SAP 
however these experiments also highlighted some limitations to the potential success of the 
method.  These preliminary experiments formed the basis of the development of the initial 
experimental protocol called Combined Multi-Wash method described in Chapter 2, section 2.7.  
This method attempted to implement the main aspects identified as being most relevant to a 
successful spermatozoa extraction process from SAPs.  It encapsulated the separation of any semen 
recovered from the sanitary towel pulp, the assessment of salt solution concentration and ensured 
that quantitative assessment was possible.   The following chapters document the interrogation and 
refinement of this technique to address its reproducibility and to further consider some of the more 
specific problems encountered in forensic casework.  In particular, it was considered necessary to 
evaluate the method against freshly prepared samples, those which had been stored frozen and 
those which had been allowed to air dry in an attempt to replicate a forensic casework exhibit 
scenario. 
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4 Evaluation of Combined Multi-Wash method  
4.1 Aims   
The preliminary work in this study had demonstrated that it was, in principle, possible to recover 
spermatozoa from SAPs.  It had additionally highlighted some experimental challenges, such as the 
incomplete breakdown of the SAP and sample adhesion to the microscope slides to permit 
quantitative analysis.  Having overcome some of these issues, the Combined Multi-Wash method 
was developed.  The aim of this current chapter was to assess its success and reproducibility by 
measuring spermatozoa recovery.  The overall aim of this chapter therefore was to assess the 
Combined Multi-Wash method and consider whether any refinements were necessary to improve 
both the yield and the practical aspects of it.    
 
4.2 Introduction  
Current extraction methods in forensic science exclude the recovery of semen from SAP containing 
products and so it was recognised that any semen yield would represent an improvement.  
However, it was important to aim to achieve maximum recovery within the parameters of a simple, 
cost effective and efficient method.  This chapter presented the results of the experiments 
performed to demonstrate the release of boar semen from SAPs using the Combined Multi-Wash 
method protocol, detailed in Chapter 2, section 2.7, where the test substrate was incubated in CaCl2, 
the incubation liquid was centrifuged to produce a cell pellet which was then subjected to a further 
two 1 mL CaCl2 washes.  The results to evaluate the yield of spermatozoa were presented in Chapter 
3 and this chapter explored whether this initial method could be refined to provide improvement, 
both in terms of efficiency and maximising spermatozoa recovery.  It was also considered important 
to establish whether the method remained effective when reduced amounts of semen were applied 
to the test substrates – to effectively measure its detection limits and whether this was best 
achieved using reduced volumes of neat semen or using the same volumes of a range of semen 
dilutions.      
    
4.3 Methods and materials  
4.3.1 Evaluation of the optimum salt solution concentration  
The Combined Multi-Wash method protocol described in Chapter 2, section 2.7 was tested to 
evaluate the optimum concentration of CaCl2 solution to deliver the maximum recovery of 
spermatozoa.  An experiment was performed, testing the protocol in triplicate, at four different 
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CaCl2 salt solution concentrations: 0.1 M, 0.2 M, 0.5 M and 1.0M.  Three 1 µL aliquots were sampled 
from the respective resultant cell pellets which had been re-suspended in 100 µL H2O (Table 4.1, 
Part 1).  In order to evaluate whether the lengthy storage of samples also contributed to the 
experimental variability, the extracts produced from this initial experiment were defrosted after 22 
days and a further set of 1 µL aliquots were produced onto microscope slides (Table 4.2, Part 2).  
4.3.2 Assessment of effect of freezing on semen samples  
A further experiment using the Combined Multi-Wash method was undertaken using a batch of test 
substrate samples which were prepared at the same time as those used for the experiment whose 
results were shown in Table 4.2, but which had remained frozen -4oC for a further 22 days prior to 
their extraction.  This was undertaken to investigate whether there was any sample deterioration 
due to prolonged storage of the test substrates at (Table 4.3).  
4.3.3  Experiment to measure the semen remaining in the test substrate upper layer  
As described in the method for preparation of the test substrate samples (Chapter 2, section 2.4), 
the upper, non-woven layer of fabric had been separated and removed after the semen was added.  
Forensic casework experience suggested that this layer did not retain semen, so this was 
investigated by performing a simple water extraction as documented in Chapter2, section 2.10 and 
described by Allard et al. (2007).  The conventional water extraction method was described in  Allard 
et al., (2007) and advocated spotting out a 5 µL aliquot from the 1 mL cell suspension.    
  
4.3.4 Experiment to investigate the detection limits of the Combined Multi-Wash 
method   
An attempt was made to establish the detection limits of the Combined Multi-Wash method by 
preparing a series of test substrates with decreasing volumes of semen present (300, 200, 100 and 
50 µL respectively) using the semen stock sample, the concentration of which was recorded in Table 
4.6.  The spermatozoa recovered from these samples were recorded in Table 4.7.  
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4.4 Results  
4.4.1 Calculation of concentration of semen sample aliquot  
Given the average number of spermatozoa shown in Table 4.1, it was estimated that each test 
substrate was seeded with approximately 3,450,000 spermatozoa when this stock sample aliquot 
was used.    
Table 4.1: Calculation of concentration of semen 
sample used to prepare the test samples used in 
the experiment in Tables 4.2–4.5.  The number of 
spermatozoa counted in a 1 µl aliquot taken from 
1/100 dilution of neat boar semen sample was 
recorded.  
Repeats  Number of spermatozoa counted  
A  123  
B  130  
C  92  
Average  115  
  
 
 Figure  4.1: A single spermatozoon visualised in 1/100 dilution of neat boar semen 
sample.  Observe the clearly defined spot edge indicating no diffusion of the extract during 
the  staining process when spotted on the slide.    
  
It was seen that the 1/100 dilution provided a clearly defined edge to the aliquot spot, typical of 
samples with known cell content (Figure 4.1).  
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4.4.2 Evaluation of the optimum salt solution concentration  
  
Table 4.2: Assessment of the effect of concentration of CaCl2 solution on the extraction 
technique.  Pre-prepared test samples of 300 µl boar semen on 1 cm x 1 cm cut samples of 
Supermarket brand “Ultra” sanitary towels – pulp only with upper surface removed.  The 
numbers shown indicate the numbers of spermatozoa present in 1 µL aliquots taken from 
the extraction product following the protocol described in Chapter 2, section 2.7.  Part one 
showed the results from freshly prepared samples and Part 2 showed the results from the 
same extracts which had been stored frozen at -4oC for 22 days.  
Part 1  0.1 M CaCl2  0.2 M CaCl2  0.5 M CaCl2  1.0 M CaCl2  
A  350  463  13  62  
B  21  196  19  32  
C  37  85  1  48  
          
Part 2  0.1 M CaCl2  0.2 M CaCl2  0.5 M CaCl2  1.0 M CaCl2  
A  32  64  1  0  
B  2  7  1  0  
C  4  0  2  2  
  
  
These results demonstrated wide variability in the recovery of spermatozoa, indicating likely 
stochastic variation.  It was observed that the cell pellet size increased as the salt concentration 
used for extraction increased and that the aliquots spotted onto the slides had more well defined 
edges when dried on the microscope slides as the salt concentration increased.    
  
  
Although there were many free spermatozoa visible on the slides, some agglutination and 
clumping of the spermatozoa was seen.  It was also observed that some appeared to remain 
contained within a gel like substance.  Figures 4.2 and 4.3 showed examples of samples taken from 
the extraction process using 0.1 M CaCl2 and Figure 4.4 which shows and example of a sample 
taken from the extraction process using 0.2 M CaCl2 .  
Evaluation of Combined Multi-Wash method  
60 
  
 
    
Figure 4.2: Spermatozoa recovered from extract A using 0.1 M CaCl2 from results shown in 
Table 4.2.  Some spermatozoa are clearly free from the SAP gel but the clumping seen  
appeared to be a combination of agglutination of the spermatozoa and the presence of 
residual SAP indicating incomplete breakdown of the gel matrix.   
  
Whilst it could be seen that the percentage recovery of spermatozoa had apparently decreased, 
Figures 4.5, 4.6 and 4.7 illustrated that the sample extract products of the samples portrayed in Part 
2 of Table 4.2 produced cleaner extracts with a reduced amount of gel present.  Figure 4.7 in 
particular illustrated the clumping, agglutination property of the spermatozoa in contrast to the 
clusters of spermatozoa still apparently contained within the SAP as illustrated in Figures 4.2 – 4.4.    
  
4.4.3 Assessment of effect of freezing on semen samples  
A further experiment was undertaken using a batch of test substrate samples which were prepared 
at the same time as those used for the experiment whose results were shown in Table 4.2, but which 
had remained frozen -4oC for a further 22 days prior to their extraction.  This was undertaken to 
investigate whether there was any sample deterioration due to prolonged storage of the test 
substrates at (Table 4.3).  
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Figure 4.3: Spermatozoa recovered from extract A using 0.1 M CaCl2 from results shown in  
Table 4.2.  Some spermatozoa clearly appear free from the SAP gel but the clumping seen  
appeared to be the presence of residual SAP indicating incomplete breakdown of the gel 
matrix rather than as a result of agglutination of the spermatozoa.   
 
Figure   4.4: Spermatozoa from extract A using 0.2 M CaCl2 from results shown in Table 4.2. 
Some spermatozoa clearly appear free from the SAP gel but clumping apparently due to the 
incomplete breakdown of the gel matrix is still seen, even with double the concentration of 
the salt solution than that shown in Figure 4.3.    
  
  
  
  
  
  
  
  
  
  
  
 
  
Evaluation of Combined Multi-Wash method  
62 
  
 
Figure   4.5: Spermatozoa recovered from extract C using 0.1 M CaCl2 from results shown 
in Part 2 of Table 4.2.    
  
  
Figure 4.6: Spermatozoa recovered from extract A using 0.2 M CaCl2 from results shown in 
Part 2 of Table 4.2.  
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Figure 4.7: Spermatozoa recovered from extract B using 0.2 M CaCl2 from results shown in 
Part 2 of Table 4.2.  This illustrated the agglutination of the spermatozoa and shows the 
issues involved in accurate counting.   
Table 4.3: Assessment of the effect of concentration of CaCl2 on release of semen from 
pre-prepared test samples of 300 µl boar semen on 1 cm x 1 cm cut samples of 
Supermarket brand “Ultra” sanitary towels – pulp only with upper surface removed.  
These samples were prepared at the same time and from the same neat semen sample as 
those shown in Table 4.2 but stored frozen for 22 days.  The numbers shown indicate the 
numbers of spermatozoa present in 1 µL aliquots taken from the extraction product 
following the protocol described in Chapter 2.  
  0.1 M CaCl2  0.2 M CaCl2  0.5 M CaCl2  1.0 M CaCl2  
A  1  5  0  1  
B  3  1  1  1  
C  5  2  2  3  
  
Whilst there was some similarities in the numbers of spermatozoa recovered in this third batch, 
there were no examples of recovery in double figures as in the second batch (Table 4.3) and no 
repeat in either of the post frozen batches of the recovery in triple figures as seen in the Part 1 
experimental batch, seen in Table 4.2.  
4.4.4 Evaluation of the semen remaining in the test substrate upper layer  
There were no visible cell pellets in these samples but they were treated using the protocol 
described in Chapter 2, section 2.10 and the numbers of recovered spermatozoa were recorded in 
Table 4.4.    
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Table 4.4: Assessment of the semen remaining on the upper non-woven layer of test 
substrate.  The results were shown of 1000 µL ddH2O extraction of non-woven fabric layer of 
test substrate samples seeded with 300 µl boar semen on 1 cm x 1 cm cut samples of 
Supermarket brand “Ultra” sanitary towels.  The numbers shown in Part 1 indicated the 
numbers of spermatozoa present in 5 µL aliquots taken from the extraction product 
resuspended in 100 µL ddH20 following the initial protocol described in Chapter 2.   The 
numbers shown in Part 2 indicated the numbers of spermatozoa present in 1 µL aliquots taken 
from the extraction product re-suspended in 100 µL ddH20 following the initial protocol 
described in Chapter 2, section 2.7.  
Part 1  0.1 M CaCl2  0.2 M CaCl2  0.5 M CaCl2  1.0 M CaCl2  
A  5125  tmtc*  696  2090  
B  2267  562  1104  998  
C  1146  2598  2957  1996  
          
Part 2  0.1 M CaCl2  0.2 M CaCl2  0.5 M CaCl2  1.0 M CaCl2  
A  26  209  89  10  
B  135  451  117  2  
C  64  124  24  tmtc*  
*tmtc = too many to count  
The spermatozoa recovered from the separated upper surfaces of the prepared test substrates 
were, by definition, not absorbed into the SAP matrix in their respective test substrates.  From these 
results presented in Table 4.1, it had been estimated that each test substrate prepared with this 
sample had approximately 3,450,000 spermatozoa present.  The data in Table 4.4 was adjusted to 
calculate how many spermatozoa were therefore present in the re-suspended extracts and these 
values were subtracted from the corresponding results obtained from the extraction experiment in 
Part 1 of Table 4.2.  As this varied for each sample, the approximate numbers of spermatozoa which 
could reasonably be assumed to have been absorbed into the SAP for each test substrate, adjusted 
for the numbers of spermatozoa retained by the upper surface were shown in Table 4.5  
  
Table 4.5: Estimated number of spermatozoa absorbed into each test substrate sample.  
Test substrates were seeded with 300 µl boar semen on 1 cm x 1 cm cut samples of 
Supermarket brand “Ultra” sanitary towels adjusted to account for spermatozoa which 
remained on respective removed upper surfaces.    
  0.1 M CaCl2  0.2 M CaCl2  0.5 M CaCl2  1.0 M CaCl2  
A  3,347,500  -  3,436,080  3,408,200  
B  3,404,000  3,438,760  3,427,920  3,430,040  
C  3,427,080  3,398,040  3,390,860  3,410,080  
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Figures 4.8 and 4.9 illustrated the plentiful recovery of spermatozoa from the upper layer of the test 
substrate samples which had been removed immediately after the semen sample was added.  
 
Figure 4.8: Spermatozoa recovered from the water extraction of upper woven layer 
removed from the sample used as extract A using 1.0 M CaCl2 from results shown in Table 
4.4.  This image also indicated a clear spot boundary, not always visible in all extracts.  
  
  
 
Figure 4.9: Spermatozoa recovered from the water extraction of upper woven layer 
removed from the sample used as extract C using 1.0 M CaCl2 from results shown in Table  
4.4.    
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4.4.5  Investigation of the detection limits of the Combined Multi-Wash method  
An attempt was made to establish the detection limits of the Combined Multi-Wash method by 
preparing a series of test substrates with decreasing volumes of semen present using the semen 
stock sample, the concentration of which was recorded in Table 4.6.    
  
Table 4.6: Table to show result of calculation of 
concentration of semen sample used to prepare 
the test samples used in the experiment in 
Table(s) 4.9 and 4.10.  The number of spermatozoa 
counted in a 1 µl aliquot taken from 1/100 dilution 
of neat boar semen sample is recorded.  
Repeats  Number of spermatozoa counted  
A  40  
B  71  
C  74  
Average  61.6  
  
It was estimated that each test substrate was seeded with approximately 1,848,000 spermatozoa 
per 300 µL aliquot, when this sample was used.  A set of test substrates was prepared in triplicate 
using the method detailed in Chapter 2, section 2.4, but with different volumes of semen.  These 
were 300 µL (matching the volume used in all other experiments and which could be seen not to 
flood the 1 cm x 1 cm test substrates) and then the volume was decreased to 200 µL, then 100 µL 
and finally 50 µL.  These test substrates were subjected to the same Combined Multi-Wash method 
as the other samples had been and using 1.0 M CaCl2.  The results of this experiment were shown 
in Table 4.7.  The upper layers from each of these samples were also extracted using the simple 
water extraction process as described in Chapter 2, section 2.10  (Table 4.8).  
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Table 4.7: Assessment of detection limits of Combined Multi-Wash 
method.  Pre-prepared test samples of 300, 200, 100 and 50 µl boar semen 
on 1 cm x 1 cm cut samples of Supermarket brand “Ultra” sanitary towels – 
pulp only with upper surface removed following the Combined Multi-Wash 
method (Chapter 2, section 2.7) and using 1.0 M CaCl2.  The numbers shown 
indicated the counted of spermatozoa present in 1 µL aliquots taken from 
the extraction product.  
Neat semen volume:  300µL  
  
200µL  100µL  50µL  
A  11  1  2  0  
B  22  6  0  0  
C  18  5  5  0  
  
  
Table 4.8: Assessment of spermatozoa remaining in the upper layer of test 
substrates.  Results of 1000 µL dH2O extraction of non-woven fabric layer 
removed from test substrate samples seeded with 300 µl boar semen on 1 
cm x 1 cm cut samples of Supermarket brand “Ultra” sanitary towels used 
in extraction experiment shown in Table 4.7.  The numbers shown indicate 
the counted of spermatozoa present in 1 µL aliquots taken from the 
extraction product.  
Neat semen volume:  300µL  
  
200µL  100µL  50µL  
A  148  0  0  0  
B  192  0  0  0  
C  220  0  0  0  
  
It can be seen that the recovery of semen from the SAP using the Combined Multi-Wash method 
decreased with a decrease in the volume of semen added to the test substrates.  However, it was 
also observed that there were fewer spermatozoa retained on the upper non-woven layer when 
reduced volumes were added.  
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4.5 Discussion  
The experiments completed in this phase of experiments indicted a number of issues to be 
addressed.  As anticipated, it was clear that the stock semen samples were prone to degradation 
both due to long term storage and repeated freeze-thaw events.  Even without any calculated 
quantification of the percentage of spermatozoa recovered, the three related experiments (Tables 
4.2 and 4.3) showed the effect of freezing on both the sample extracts and non-extracted test 
substrates.  This demonstrated the need for the, arguably already understood, swift recovery and 
examination of forensic casework exhibits to ensure maximum recovery of any deposited semen 
(FFLM).  It was also clear that the apparent non-homogeneity of the semen samples had an effect 
on the results as there was an apparent fluctuation in their reproducibility.  These issues were 
considered and the protocol was refined in order to attempt to implement and investigate 
improvements, shown in the next chapter.  Given that the SAP gel did not appear to be fully broken 
down after two CaCl2 washes, it was considered that a further CaCl2 wash stage should be 
considered and the results from the two experiments compared.   
Time issues were also a consideration.  Manually counting 5 µL aliquot spots was laborious and 
inherently prone to error.  Performing these method assessment experiments in triplicate, using all 
four proposed salt solution concentrations, covered a total of 12 samples and the overall 
experiment took over four hours in total to complete without including the time required for slide 
searching.  This meant that it was both time consuming and labour intensive to introduce a further 
wash step without storing the samples frozen in the interim which was already known to have an 
effect on the spermatozoa recovery.  Selecting one salt concentration to proceed with would reduce 
the number of samples and, consequently the time involved which allowed for further investigation 
to optimise the method.    
It was also important to consider whether all of the 300 µL of semen deposited onto the test sample 
substrates had been fully absorbed into the SAP in order to accurately measure the percentage 
recovery of spermatozoa in each sample.  If this was not the case, then the overall percentage 
recovery evaluation could be skewed.  The range of proportionate recovery using this Combined 
Multi-Wash method was poor, given the high numbers of spermatozoa deposited but it still 
represented an increased recovery than was currently possible in forensic casework and sufficient 
spermatozoa to generate a DNA profile for comparison purposes.  Other studies, such as Liu et al., 
(2012) were designed to recover urine so further tests for chemical contaminants could be 
performed.   No other studies were found which specifically attempted to quantitatively recover 
spermatozoa from SAPs to achieve DNA profiles for comparison purposes.  
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The experiments to observe the detection limits of the Combined Multi-Wash also revealed that 
when smaller than 300 µL volumes of spermatozoa added to the test substrates, none were 
detected in the upper non-woven layers.  This suggested that the SAP did have an absorption limit.  
This could be considered significant for forensic casework since SAP containing items recovered as 
exhibits were likely to be also contaminated with other body fluids.  
Taking these issues into account, the Combined Multi-Wash method was revised and evolved into 
the Separate Multi-Wash method.  The results from further experiments to measure its success and 
reproducibility were undertaken and were presented in Chapter 5.      
4.6 Conclusion  
These experiments had measured the efficacy of the Combined Multi-Wash method and highlighted 
some areas for proposed improvement.  It was considered necessary to establish whether 
combining the cell pellets retrieved from the incubation liquid and the retained test substrate 
represented a significantly improved spermatozoa recovery compared with the additional time this 
added to the method.  The Separate Multi-Wash method was devised to investigate this.  Identifying 
the optimum concentration of the salt solution, would reduce the time taken to complete all the 
sample replicates which would thus allow for the investigation into the use of more than two CaCl2 
washes to further establish whether this had an effect on the breakdown of the SAP gel and 
therefore the yield of spermatozoa.  It remained necessary to evaluate the method against freshly 
prepared samples, those which had been stored frozen and those which had been allowed to air dry 
in an attempt to replicate a forensic casework exhibit scenario.    
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5 Comparison of Combined Multi-Wash and Separate Multi-
Wash methods 
5.1 Aims   
The quantitative results established in Chapter 4 identified a further series of issues which the work 
in this chapter sought to address.  The Combined Multi-Wash method deployed two CaCl2 wash 
steps and the results obtained showed that, whilst some semen was clearly released, some 
remained absorbed in residual SAP gel.  One aim of this chapter was to establish whether 
breakdown of the SAP gel and therefore spermatozoa release could be improved by the 
implementation of additional CaCl2 wash steps.  Therefore the spermatozoa recovery was 
compared between test substrate samples which had been subjected to both two and three CaCl2 
wash steps using the Combined Multi Wash method.  The additional third CaCl2 wash was 
introduced after the first water wash to investigate whether this improved the gel de-sorption 
process.  The Combined Multi Wash method was repeated (with both two and three CaCl2 wash 
steps) on test substrates which had been prepared at the same time as those frozen immediately 
after preparation but which had been allowed to air dry at room temperature overnight before 
being frozen for storage where necessary.         
As documented in Chapter 2, sections 2.7 and 2.8, the Combined Multi-Wash and the Separate 
Multi-Wash methods differed only in the way the test substrates were treated.  This was done to 
establish whether combining the cell pellet obtained from the test substrate with that obtained 
from the incubation liquid gave a significantly increased overall yield of recovered spermatozoa.    
The overall aim of this chapter therefore was to investigate the effects of increased CaCl2 wash 
steps between the two methods and to compare their respective spermatozoa recovery results.    
  
    
5.2 Introduction  
Whilst the preliminary studies had shown that it was possible to recover spermatozoa from the 
SAPs, the initial Combined Multi Wash method demonstrated reproducibility.  However, some of 
the experimental challenges were not fully resolved so it was considered necessary to further 
develop the method protocol in an attempt to improve the spermatozoa recovery potential and 
to address some more specific forensic casework challenges.  This chapter documented the 
refinements to the initial method and presented the results of experiments performed, again 
using a sample of boar semen.    
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Having seen a number of effects thought to be due to stochastic variation, sample storage and 
freeze thawing of samples, attempts were made to further reduce any variability within the 
samples and improve spermatozoa recovery.  It was considered imperative to release the 
spermatozoa completely from the SAP, leaving no residual gel if possible given it was not known 
whether the gel would have an inhibitory effect on any subsequent DNA analysis.  Given that 
forensic casework exhibits are rarely recovered immediately after body fluid deposition, it was 
also considered important to establish the efficacy of the desorption method on test substrate 
samples which had been prepared and left to dry.  This approach was implemented to try to 
address whether any liquid absorbed by the gel and allowed to dry was retained more 
permanently, as clearly this would have an effect on the successful use of the method in forensic 
casework.  It may also be considered to inform the efficacy of the method on exhibits recovered 
more than a suggested or recommended given time after any alleged semen deposition.    
The results presented in this chapter were statistically evaluated to address whether there were 
any significant differences between the respective applications and methods in order to 
recommend a final, refined protocol which could be considered to provide optimal results.      
  
    
5.3  Methods and Materials  
5.3.1 Test substrate preparation  
The test substrates for the experiments in this chapter were prepared using the method described 
in Chapter 2, section 2.4.  The exception to this was when different volumes of semen were 
applied to the test substrates to measure the detection limits for the SAP Sperm Wash method 
(SAPSWash) (Chapter 5, section 5.10).  However, all of the experiments in this chapter used 
prepared from the same semen aliquot in an attempt to reduce any result variability.    
5.3.2 Microscope slide preparation  
Twelve x 1 µL aliquots were taken from each 100 µL re-suspension extract to count and analyse 
the number of spermatozoa recovered.  These samples were retained using the method to 
prepare microscope slides described in Chapter 2, section 2.5 and labelled A-L for each repeated 
method.  
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5.3.3 Combined Multi-Wash method  
The Combined Multi-Wash method was documented in Chapter 2, section 2.7.  The final cell 
pellets in that method re-suspended in 100 µL ddH2O.  In order to complete the third CaCl2 wash 
on the method in this chapter, these samples were again centrifuged at 15,000 rcf for one minute, 
the supernatant was removed and the resultant cell pellets were the subjected to a further 0.5 M 
CaCl2 wash and then a final ddH2O wash using the same wash steps described earlier in the 
method.  The final cell pellets were again re-suspended in 100 µL ddH2O.    
This experiment was undertaken in triplicate on a set of test substrates prepared freshly and then 
frozen overnight and a further set prepared at the same time and allowed to air dry overnight.   
The experimental replicates were denoted A, B and C and designated as Frozen 2 (F2), Frozen 3 
(F3), Air Dried 2 (AD2) and Air Dried 3 (AD3) to distinguish between them.    
  
5.3.4 Separate Multi-Wash method  
The Separate Multi-Wash method was documented in Chapter 2, section 2.8.  The amendments 
to this method introduced the third CaCl2 wash and were implemented in the same way as 
described for the Combined Multi Wash method in section 5.3.3 above, except that in this method 
the additional washes were applied to the cell pellets obtained from the incubation liquid and the 
remaining test substrate separately, without the combining step.  This method was undertaken in 
triplicate only on a set of test substrates prepared freshly and frozen overnight.  The experimental 
replicates were denoted A, B and C and designated as pellet 2, basket 2, pellet 3 and basket 3 to 
distinguish between them.      
  
5.3.5 Preparation of a control sample  
A notional control sample was used for each of the experimental sets described in sections 5.3.3 
and 5.3.4 above.  These samples were test substrates prepared as for all of the experiments using 
the method described in Chapter 2, section 2.4 however, all of the incubation and washing steps 
were completed with ddH2O rather than 0.5 M CaCl2.    
  
5.3.6 Statistical analysis  
The statistical analysis performed on the data produced in this chapter was described in Chapter 
2, section 2.14.  The aim of the statistical analysis was to observe whether there were significant 
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differences between the frozen and air dried samples test substrate samples and between the 
Combined and Separate Multi-Wash methods.   
The test substrates which had been treated with water only (as putative controls) were omitted 
from any statistical evaluation.  It was considered that they may unfairly skew any results and 
conclusions drawn from the analysis as they had not been treated either with the same volume 
of liquid or using salt solution to collapse the SAP to truly release the spermatozoa.  
5.4 Results 
5.4.1 Calculation of concentration of semen sample aliquot 
 
Table 5.1: Calculation of concentration of semen 
sample used to prepare the test samples used in the 
experiments in Chapter 5.  The number of 
spermatozoa counted in a 1 µl aliquot taken from 
1/100 dilution of neat boar semen sample is 
recorded. 
Repeats Number of spermatozoa counted 
A 53 
B 37 
C 64 
Average 51.3 
 
It was estimated that each test substrate was seeded with approximately 1,539,000 spermatozoa 
in 300 µL aliquots when this sample was used.   
 
5.4.2 Evaluation of the optimum salt solution concentration 
Table 5.2 shows the number of spermatozoa seen in each 1 µL aliquot taken from each repeat of 
the Combined Multi-Wash method, performed using four different molar concentrations of CaCl2.  
At this stage, only single 1 µL aliquots were sampled.   
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Table 5.2: Effect of CaCl2 solution concentration on Combined Multi-Wash 
method.  Results in triplicate on freshly prepared test substrate samples (only 
frozen overnight) to assess the effect of concentration of CaCl2 on release of semen 
from SAP.  Test samples comprised of 300 µl boar semen on 1 cm x 1 cm cut samples 
of Supermarket brand “Ultra” sanitary towels – pulp only with upper surface 
removed.  The numbers shown record the number of spermatozoa counted in 1 µL 
aliquots from the resultant extract.  
 0.1 M 
CaCl2 
0.2 M 
CaCl2 
0.5 M 
CaCl2 
1.0 M 
CaCl2 
H2O only 
A 1 7 144 9 17 
B 27 78 8 2 9 
C 12 14 6 2 6 
 
A one way analysis of variance (ANOVA) test using Microsoft Excel was undertaken on this data 
set to assess the effect of the salt concentration and the results of this were shown in Table 5.3.  
The p-value was greater than 0.05 indicating no significant difference between the four molar 
concentrations used and so the 0.5M CaCl2 solution was selected as the optimum sample to use 
to complete the remaining investigative experiments on the method protocols since this 
concentration had produced the greatest number of spermatozoa.   
 
Table 5.3: One way analysis of variance test to compare the effect of salt concentration on 
the SAP extraction process.   
ANOVA 
      
Source of 
Variation 
SS df MS F P-value F crit 
Between 
Groups 
4626.4 4 1156.6 0.713012 0.601634 3.47805 
Within 
Groups 
16221.33 10 1622.133 
   
       
Total 20847.73 14 
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5.4.3 Combined Multi-Wash method 
Tables 5.4-5.7 showed the numbers of spermatozoa counted in 1 µL aliquots taken from each of 
the experimental replicates.  As the repeated samplings (A-L) could be considered as pseudo 
repeats for the purposes of statistical analysis, the averages and standard deviations for each 
repeated experimental set were calculated and presented.  Bar charts were also provided to 
depict the information (Figures 5.1-5.4). 
 
5.4.4 Combined Multi-Wash method experimental results 
5.4.4.1 Two CaCl2 washes of frozen test substrates (Frozen 2) 
Table 5.4 documented the results of the counted sperm heads on the slides made from each of 
the 1 µL aliquots recovered from each of the experiment replicates. 
 
Table 5.4: Assessment of Combined Multi-Wash method on frozen test substrates with two 
CaCl2 washes.  Results of experiment, in triplicate to assess the reproducibility of the 
Combined Multi-Wash method (Chapter 2, section 2.7) using two x 1 mL washes with CaCl2.  
Pre-prepared test samples of 300 µl boar semen on 1 cm x 1 cm cut samples of Supermarket 
brand “Ultra” sanitary towels (pulp only with upper surface removed) had been left overnight 
to air dry before being frozen and stored for 22 days.  The numbers shown indicate the 
numbers of spermatozoa present in 1 µL aliquots taken from the extraction product. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0.5 M 
300µL 
Frozen 
2 washes A 
0.5 M 
300µL 
Frozen 
2 washes B 
0.5 M 
300µL 
Frozen 
2 washes C 
0.5 M 
300µL 
Frozen 
2 washes 
H2O 
A 7 47 18 5 
B 10 29 8 8 
C 2 26 6 2 
D 2 55 14 5 
E 1 11 7 2 
F 4 5 10 1 
G 4 22 6 2 
H 12 17 16 20 
I 5 7 3 6 
J 6 14 6 6 
K 2 18 9 1 
L 3 8 9 4 
Averages 4.8 21.6 9.3 5.2 
Standard Deviations 3.4 15.7 4.5 5.2 
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These results illustrated the apparent stochastic variation within each of the samples and 
highlighted the non-homogeneity of dilute semen samples.   
 
 
Figure 5.1: Calculated averages and standard deviations from the results of the 
experiment described in Table 5.4.   
 
 
Whilst it could be seen that there is overlap between all of the experimental repeats in the Frozen 
2 batch, it was clear that the test substrate used in replicate B had more semen present than the 
others.  These results demonstrated the variability within the samples and illustrated the non-
homogenous nature of stored semen samples.  It was also noted that whilst there were some 
spermatozoa clearly free from the SAP gel on the slides, there were some whose tails were still 
apparently stuck within the gel.   
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5.4.4.2 Three CaCl2 washes of frozen test substrates (Frozen 3) 
Table 5.5 documented the results of the counted sperm heads on the slides made from each of 
the 1 µL aliquots recovered from each of the experiment replicates. 
 
Table 5.5: Assessment of Combined Multi-Wash method on frozen test substrates with 
three CaCl2 washes.  Results of experiment, in triplicate to assess the reproducibility of the 
Combined Multi-Wash method (Chapter 2, section 2.7), using one further 1 mL wash with 
CaCl2 using the samples prepared from the previous experiment with two CaCl2 washes.  Pre-
prepared test samples of 300 µl boar semen on 1 cm x 1 cm cut samples of Supermarket 
brand “Ultra” sanitary towels (pulp only with upper surface removed) had been frozen 
immediately after preparation and stored for 22 days.  The numbers shown indicated the 
numbers of spermatozoa present in 1 µL aliquots taken from the extraction product. 
 
 
 
 
 
 
 
 
 
 
 
It could be seen again that these results illustrated stochastic variation within each of the samples 
although in this instance there were several samples where no spermatozoa were recovered.  
Given that the results obtained from the previous experiment showed that the spermatozoa were 
not fully released from the SAP gel, it had been anticipated the additional CaCl2 wash may cause 
further breakdown of the SAP gel, but the appearance of the aliquot spots on these sample 
extracts remained the same.  It was important to note that these two Frozen sample sets were 
inherently related given that the third CaCl2 treatment was applied to the samples obtained from 
 0.5 M 
300µL 
Frozen 
3 washes A 
0.5 M 
300µL 
Frozen 
3 washes B 
0.5 M 
300µL 
Frozen 
3 washes C 
0.5 M 
300µL 
Frozen 
3 washes 
H2O 
A 1 11 3 8 
B 3 5 0 3 
C 1 6 1 4 
D 1 6 2 2 
E 0 4 1 1 
F 1 5 1 5 
G 1 2 2 6 
H 0 2 0 3 
I 1 4 1 4 
J 1 5 1 7 
K 0 5 2 6 
L 1 2 2 2 
Averages 0.9 4.8 1.3 4.25 
Standard Deviations 0.8 2.5 0.9 2.2 
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first two wash experiment and was not a complete, single experiment with three subsequent 
CaCl2 washes before the water washing step. 
 
 
Figure 5.2: Calculated averages and standard deviations from the results of the 
experiment in triplicate, described in Table 5.5.  
 
 
Whilst this set of results unsurprisingly showed a broad similarity in proportionate spermatozoa 
recovery with the earlier experiment, there was a decrease in the overall total numbers.   
  
0
1
2
3
4
5
6
7
8
Averages A-L   A Averages A-L   B Averages A-L   C Averages A-L   H2O
Comparison of Combined Multi-Wash and Separate Multi-Wash methods 
80 
  
 
5.4.4.3 Two CaCl2 washes of Air Dried test substrates (Air Dried 2) 
Table 5.6 documented the results of the counted sperm heads on the slides made from each of 
the 1 µL aliquots recovered from each of the experiment replicates. 
 
Table 5.6: Assessment of Combined Multi-Wash method on air dried test substrates with 
two CaCl2 washes.  Results of experiment, in triplicate to assess the reproducibility of the 
Combined Multi-Wash method (Chapter 2, section 2.7), using two x 1 mL washes with CaCl2.  
Pre-prepared test samples of 300 µl boar semen on 1 cm x 1 cm cut samples of Supermarket 
brand “Ultra” sanitary towels (pulp only with upper surface removed) had been left overnight 
to air dry before being frozen and stored for 22 days.  The numbers shown indicate the 
numbers of spermatozoa present in 1 µL aliquots taken from the extraction product. 
 
 
 
 
 
 
 
 
 
 
 
Whilst it could be seen that there was overlap between all of the experimental repeats in the Air 
Dried 2 batch, it was clear that the test substrate used in replicate A had more semen present 
than the others.  These results again demonstrated the variability within the samples and 
illustrated the non-homogenous nature of stored semen samples.  The phenomenon of 
apparently free sperm heads whose tails were still apparently stuck within the gel was repeated 
in these samples.   
 
 0.5 M 
300µL 
Air Dried 
2 washes A 
0.5 M 
300µL 
Air Dried 
2 washes B 
0.5 M 
300µL 
Air Dried 
2 washes C 
0.5 M 
300µL 
Air Dried 
2 washes 
H2O 
A 14 10 1 7 
B 9 2 2 2 
C 6 7 2 8 
D 9 4 3 7 
E 10 8 2 2 
F 8 5 3 2 
G 12 4 2 5 
H 3 1 6 3 
I 8 1 2 6 
J 8 5 10 4 
K 4 1 2 11 
L 1 3 2 3 
Averages 7.7 4.3 3.1 5.0 
Standard Deviations 3.7 2.9 2.5 2.9 
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Figure 5.3: Calculated averages and standard deviations from the results of the 
experiment in triplicate described in Table 5.6.    
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5.4.4.4 Three CaCl2 washes of Air Dried test substrates (Air Dried 3) 
Table 5.7 documented the results of the counted sperm heads on the slides made from each of 
the 1 µL aliquots recovered from each of the experiment replicates. 
 
Table 5.7: Assessment of Combined Multi-Wash method on air dried test substrates with 
three CaCl2 washes.  Results of experiment, in triplicate to assess the reproducibility of the 
Combined Multi-Wash method (Chapter 2, section 2.7), using three x 1 mL washes with CaCl2.  
Pre-prepared test samples of 300 µl boar semen on 1 cm x 1 cm cut samples of Supermarket 
brand “Ultra” sanitary towels (pulp only with upper surface removed) had been left overnight 
to air dry before being frozen and stored for 22 days.  The numbers shown indicate the 
numbers of spermatozoa present in 1 µL aliquots taken from the extraction product. 
 0.5 M 
300µL 
Air Dried 
3 washes A 
0.5 M 
300µL 
Air Dried 
3 washes B 
0.5 M 
300µL 
Air Dried 
3 washes C 
0.5 M 
300µL 
Air Dried  
3 washes 
H2O 
A 3 6 4 3 
B 3 1 1 5 
C 2 1 4 6 
D 2 1 0 4 
E 3 4 2 1 
F 0 0 2 5 
G 0 2 2 9 
H 1 2 1 6 
I 1 1 2 11 
J 2 2 0 7 
K 2 1 4 14 
L 1 0 1 4 
Averages 1.7 1.9 1.9 6.25 
Standard Deviations 1.1 1.6 1.4 3.6 
 
 
Again, these results showed an overall reduction in the numbers of spermatozoa recovered when 
compared with the Air Dried 2 batch, although repeat A appeared to reduce in number 
disproportionately.  It was again seen that some aliquots bore no spermatozoa. The appearance 
of the spermatozoon tails retained within apparent clumps of gel was also repeated indicating 
that the air dried samples behaved in the same was as those which were frozen more quickly after 
semen deposition.  It was important to note that these two air dried sample sets were inherently 
related given the third CaCl2 wash treatment was applied to the samples obtained from first two 
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wash experiment and was not a complete, single experiment with three subsequent CaCl2 washes 
before the water washing step. 
 
 
Figure 5.4: Calculated averages and standard deviations from the results of the 
experiment in triplicate described in Table 5.7.   
 
5.4.4.5 Statistical evaluation and comparison of results from the Combined Multi-Wash 
method  
In order to evaluate the relative merits of these associated processes, it was necessary to consider 
whether there were any relationships between them.  The calculated averages of the pseudo 
samples were presented in Tables 5.4-5.7 and these were used to perform non-parametric 
analysis of variance tests to analyse and make comparisons of the data, using Minitab.  Given that 
the Frozen 3 (F3) samples were prepared by performing a further CaCl2 wash step on the samples 
used for the Frozen 2 (F2) experiment, these sample sets can be considered to be related and so 
the Friedman Test was used.  The same rationale applies for the Air Dried 2 (AD2) and Air Dried 3 
(AD3) sample sets.  However, as different test substrate sample sets were used for the Frozen and 
Air Dried experiments respectively, then comparisons between the frozen and air dried samples 
could be considered as unrelated and so the Kruskal-Wallis Test was used. 
A summary of the p-values obtained for each of the respective analysis of variance tests was 
presented in Table 5.8 
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Table 5.8: A table summarising the p-values obtained using Minitab to perform the 
Friedman Test for related samples and the Kruskal-Wallis test for unrelated samples.    
 
 
 
 
 
All of the p-values for each relevant experiment combinations were >0.05.  This showed that there 
was no significant difference between the batches which had been washed with CaCl2 two or three 
times.  These p-values also indicated there was no significant difference between the spermatozoa 
recovery between freshly frozen samples and those which had been allowed to air dry.  It was 
however be noted that there were fewer spermatozoa overall in the Frozen 3 batch compared 
with the Frozen 2 batch and fewer spermatozoa overall in the Air Dried 3 batch compared with 
the “Air Dried 2” batch.   
 
5.4.5 Separate Multi-Wash method 
Tables 5.9-5.12 show the numbers of spermatozoa counted in 1 µL aliquots taken from each of 
the experimental replicates.  As with the Combined Multi-Wash method, these repeated 
samplings (A-L) could be considered as pseudo repeats and so the averages and standard 
deviations for each repeated experimental set were calculated and presented, with the 
information also depicted in bar charts (Figures 5.5-5.8). 
  
 Frozen 2 wash Frozen 3 wash Air dried 2 
wash 
Air dried 3 
wash 
F2  n/a    
F3  0.083 n/a   
AD2 0.127 n/a n/a  
AD3 n/a 0.507 0.083 n/a 
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5.4.5.1 Two CaCl2 washes of cell pellet from incubation liquid only (Pellet 2) 
Table 5.9 documents the results of the counted sperm heads on the slides made from each of the 
1 µL aliquots recovered from each of the experiment replicates. 
Following the pattern seen from the results obtained in the experiments using the Combined 
Multi-Wash method, these results also illustrated the stochastic variation within each of the 
samples.   
 
Table 5.9: Assessment of Separate Multi-Wash method on frozen test substrates with two 
CaCl2 washes.  Results of experiment, in triplicate to assess the reproducibility of the 
Separate Multi-Wash method (Chapter 2, section 2.8), using two x 1 mL washes with CaCl2 
without the addition of the excess solution centrifuged from the test substrate.  Pre-prepared 
test samples of 300 µl boar semen on 1 cm x 1 cm cut samples of Supermarket brand “Ultra” 
sanitary towels (pulp only with upper surface removed) had been frozen immediately after 
preparation and stored for 35 days.  The numbers shown indicate the numbers of 
spermatozoa present in 1 µL aliquots taken from the extraction product. 
 
 
 
 
 
 
 
 
 
 
 
 
 0.5 M 
300µL 
Frozen 
2 washes A 
pellet 
0.5 M 
300µL 
Frozen 
2 washes B 
pellet 
0.5 M 
300µL 
Frozen 
2 washes C 
pellet 
0.5 M 
300µL 
Frozen 
2 washes 
H2O pellet 
A 48 18 10 25 
B 50 25 4 29 
C 25 22 6 21 
D 34 6 11 19 
E 29 21 5 1 
F 6 10 2 2 
G 7 7 1 8 
H 34 14 2 9 
I 6 13 2 0 
J 31 18 0 1 
K 23 28 0 0 
L 14 13 0 0 
Averages 25.6 16.25 3.6 9.6 
Standard Deviations 15.2 6.9 3.8 10.9 
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Figure 5.5: Calculated averages and standard deviations from the results of the 
experiment in triplicate described in Table 5.9.  
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5.4.5.2 Three CaCl2 washes of cell pellet from incubation liquid only (Pellet 3) 
Table 5.10 documented the results of the counted sperm heads on the slides made from each of 
the 1 µL aliquots recovered from each of the experiment replicates. 
Table 5.10: Assessment of Separate Multi-Wash method on frozen test substrates with 
three CaCl2 washes.  Results of experiment, in triplicate to assess the reproducibility of the 
Separate Multi-Wash method (Chapter 2, section 2.8), using two x 1 mL washes with CaCl2 
without the addition of the excess solution centrifuged from the test substrate.  Pre-
prepared test samples of 300 µl boar semen on 1 cm x 1 cm cut samples of Supermarket 
brand “Ultra” sanitary towels (pulp only with upper surface removed) had been frozen 
immediately after preparation and stored for 35 days.  The numbers shown indicate the 
numbers of spermatozoa present in 1 µL aliquots taken from the extraction product.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Whilst this set of results unsurprisingly showed a broad similarity in proportionate spermatozoa 
recovery with the two wash experiment, there was a decrease in the overall total numbers.   
 
 
 
 
 0.5 M 
300µL 
Frozen 
3 washes A 
pellet 
0.5 M 
300µL 
Frozen 
3 washes B 
pellet 
0.5 M 
300µL 
Frozen 
3 washes C 
pellet 
0.5 M 
300µL 
Frozen 
3 washes 
H2O  pellet 
A 8 3 2 5 
B 11 8 3 7 
C 8 6 3 8 
D 5 2 3 5 
E 3 6 2 6 
F 6 5 0 1 
G 3 2 1 0 
H 1 2 0 2 
I 0 0 1 1 
J 4 2 0 1 
K 2 0 0 0 
L 2 1 1 0 
Averages 4.7 3.1 1.3 3 
Standard Deviations 3.2 2.6 1.2 3 
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Figure 5.6: Calculated averages and standard deviations from the results of the 
experiment in triplicate described in Table 5.10.   
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5.4.5.3 Two CaCl2 washes of cell pellet from incubated test substrate only (Basket 2) 
Table 5.11 documented the results of the counted sperm heads on the slides made from each of 
the 1 µL aliquots recovered from each of the experiment replicates. 
Table 5.11: Assessment of Separate Multi-Wash method on frozen test substrates with two 
CaCl2 washes.  Results of experiment, in triplicate to assess the reproducibility of the 
Separate Multi-Wash method (Chapter 2, section 2.8), using two x 1 mL washes with CaCl2 of 
the test substrate separated from the incubation liquid.  Pre-prepared test samples of 300 µl 
boar semen on 1 cm x 1 cm cut samples of Supermarket brand “Ultra” sanitary towels (pulp 
only with upper surface removed) had been frozen immediately after preparation and stored 
for 35 days.  The numbers shown indicate the numbers of spermatozoa present in 1 µL 
aliquots taken from the extraction product. 
 
 
 
 
 
 
 
 
 
 
 
  
 0.5 M 
300µL 
Frozen 
2 washes A 
basket 
0.5 M 
300µL 
Frozen 
2 washes B 
basket 
0.5 M 
300µL 
Frozen 
2 washes C 
basket 
0.5 M 
300µL 
Frozen 
2 washes 
H2O basket 
A 17 12 9 5 
B 30 8 3 1 
C 11 16 9 2 
D 6 9 3 7 
E 25 10 1 0 
F 5 6 2 3 
G 7 15 2 0 
H 5 3 1 0 
I 5 1 1 3 
J 8 1 2 2 
K 7 2 2 1 
L 3 1 0 2 
Averages 10.75 7 2.9 2.2 
Standard Deviations 8.7 5.5 3 2.1 
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Figure 5.7: Calculated averages and standard deviations from the results of the 
experiment in triplicate described in Table 5.11.    
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5.4.5.4 Three CaCl2 washes of cell pellet from incubated test substrate only (Basket 3) 
Table 5.12 documented the results of the counted sperm heads on the slides made from each of 
the 1 µL aliquots recovered from each of the experiment replicates. 
 
Table 5.12: Assessment of Separate Multi-Wash method on frozen test substrates with 
three CaCl2 washes.  Results of experiment, in triplicate to assess the reproducibility of the 
Separate Multi-Wash method (Chapter 2, section 2.8), using three x 1 mL washes with CaCl2 
of the test substrate separated from the incubation liquid.  Pre-prepared test samples of 300 
µl boar semen on 1 cm x 1 cm cut samples of Supermarket brand “Ultra” sanitary towels (pulp 
only with upper surface removed) had been frozen immediately after preparation and stored 
for 35 days.  The numbers shown indicate the numbers of spermatozoa present in 1 µL 
aliquots taken from the extraction product. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Whilst this set of results unsurprisingly showed a broad similarity in proportionate spermatozoa 
recovery with the two wash experiment, there was a decrease in the overall total numbers.  
 
 
  
 0.5 M 
300µL 
Frozen 
3 washes A 
basket 
0.5 M 
300µL 
Frozen 
3 washes B 
basket 
0.5 M 
300µL 
Frozen 
3 washes C 
basket 
0.5 M 
300µL 
Frozen 
3 washes 
H2O basket 
A 9 4 1 3 
B 2 4 3 0 
C 3 2 1 1 
D 4 3 0 3 
E 2 1 1 0 
F 0 1 0 0 
G 0 0 0 0 
H 1 0 0 1 
I 1 1 0 0 
J 2 1 1 0 
K 0 3 0 0 
L 1 2 1 0 
Averages 2.1 1.8 0.7 0.7 
Standard Deviations 2.5 1.4 0.9 1.1 
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5.4.5.5 Statistical evaluation and comparison of experiments using the revised protocol  
In order to evaluate the relative merits of these associated processes, it was necessary to consider 
whether there were any relationships between them.  The calculated averages of the pseudo 
samples were presented in Tables 5.9-5.12 and these were used to perform non-parametric 
analysis of variance tests to analyse and make comparisons of the data, using Minitab.   As for the 
samples used in the Combined Multi-Wash method, given that the Pellet 3 samples were prepared 
by performing a further CaCl2 wash step on the samples used for the Pellet 2 experiment, these 
sample sets can be considered to be related.  However, in contrast to the Combined Multi-Wash 
method, the basket samples from the Separate Multi-Wash method were also considered to be 
related to the pellet samples since they were retrieved as part of same initial CaCl2 incubation 
step as the pellet only samples.  Therefore, as all of these samples were considered related, the 
Friedman Test was used for all analyses of variance.   
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Figure 5.8: Calculated averages and standard deviations from the results of the 
experiment in triplicate described in Table 5.12.   
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Table 5.13: A summary of the p-values obtained using Minitab to perform the Friedman 
Test for related samples on the spermatozoa recovery data obtained from the separate 
pellet and basket extractions using both two and three CaCl2 washes  
 
 
 
 
 
The p-values for the relevant comparisons (Table 5.13) were all greater than 0.05.  This indicated 
that there were no statistically significant differences between the either samples processed with 
two or three salt washes or the spermatozoa recovery between the pellet only and substrate only 
samples.   
    
5.4.5.6 Statistical evaluation and comparison of the Combined Multi-Wash method and 
the Separate Multi-Wash methods – frozen samples only  
The Separate Multi-Wash method was only undertaken on frozen samples and none which had 
been air dried.  The calculated averages of the pseudo samples documented in tables earlier in 
this chapter were used to perform non-parametric analysis of variance tests to analyse and make 
comparisons of the data, using Minitab.   As these were separate protocols and the test substrate 
samples were all prepared separately, the samples could be considered as unrelated and so the 
Kruskal-Wallis Test was used.     
 
Table 5.14: A summary of the p-values obtained using Minitab to perform the Kruskal-
Wallis test for unrelated samples on the spermatozoa recovery data obtained from the 
Combined Multi-Wash and Separate Multi-Wash methods (Chapter 2, sections 2.7 and 2.8).  
These protocols have examined the effectiveness of additional repeated CaCl2 washes on the 
desorption of spermatozoa from the SAP and whether there was any added value in 
combining the extracts from both the initial incubation liquid and the soaked test substrate.    
 
 
 
 
Repeat Pellet 2 wash Pellet 3 wash Basket 2 wash Basket 3 wash 
P2 n/a    
P3 0.083 n/a   
B2 0.083 n/a n/a  
B3 n/a 0.083 0.083 n/a 
Repeat Frozen 2 wash Frozen 3 wash Air dried 2 wash Air dried 3 wash 
P2 0.827 n/a n/a n/a 
P3 n/a 0.827 n/a n/a 
B2 0.513 n/a n/a n/a 
B3 n/a 0.827 n/a n/a 
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The p-values for the relevant comparisons are shown in Table 5.14 and all were greater than 0.05.  
This indicated that there was no significant differences between the spermatozoa recovery using 
either two or three salt washes or by recovering the cell pellet from the incubation step separately 
from the soaked test substrate.  This finding informed the method protocol selection for the 
human semen sample test substrates documented in the next chapter. 
 
5.4.6 Experiment to investigate the detection limits of the experimental 
protocol 
The SAPSWash method (Chapter 2, section 2.9; Figure 2.6) was used to measure the detection 
limits of the spermatozoa recovery protocol.  This method was applied in triplicate to test 
substrate samples seeded with decreasing volumes of boar semen (300, 200, 100 and 50 µL) and 
the results obtained from a series of 1 µL aliquots were presented (Table 5.15).  
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Table 5.15: Results of experiments, in triplicate to assess the detection limits of the 
SAPSWash method, using two x 1 mL washes with 0.5M CaCl2 only on the test substrate 
which had been incubated in 1 mL of 0.5 M CaCl2 and without combination of the 
supernatant from the substrate.  Pre-prepared test samples of 300, 200, 100 and 50 µl boar 
semen on 1 cm x 1 cm cut samples of Supermarket brand “Ultra” sanitary towels (pulp only 
with upper surface removed) had been frozen immediately after preparation and stored for 
X days.  The numbers shown indicated the numbers of spermatozoa present in 1 µL aliquots 
taken from the extraction product and their respective averages. 
 
  
 0.5 M 
300µL 
A 
0.5 M 
300µL 
B 
0.5 M 
300µL 
C 
0.5 M 
300µL 
H2O 
A 36 2 34 1 
B 22 5 79 3 
C 46 5 35 1 
D 22 2 46 0 
E 51 1 26 2 
F 18 1 36 2 
Averages 32.5 2.7 42.7 1.5 
     
 200µL 
A 
200µL 
B 
200µL 
C 
200µL 
H2O 
A 5 2 1 0 
B 3 1 1 1 
C 2 6 0 0 
D 7 2 1 1 
E 4 2 2 1 
F 13 2 1 0 
Averages 5.7 2.5 1 0.5 
     
 100µL 
A 
100µL 
B 
100µL 
C 
100µL 
H2O 
A 0 0 0 0 
B 0 0 0 0 
C 0 1 0 0 
D 0 0 1 0 
E 0 0 0 0 
F 0 0 0 0 
Averages 0 0.2 0.2 0 
  
50µL 
A 
 
50µL 
B 
 
50µL 
C 
 
50µL 
H2O 
A 0 0 0 0 
B 0 0 0 0 
C 0 0 0 0 
D 0 1 0 0 
E 0 0 0 0 
F 0 0 0 0 
Averages 0 0.2 0 0 
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5.5 Discussion 
The work in this chapter sought to address and distil the range of challenges presented by the 
original objective to establish whether it was possible to recover semen which had been absorbed 
by an SAP. 
5.5.1 Storage of boar semen samples 
It was noted that the concentration of each of the subsequent stock boar semen sample aliquots 
was reducing over time since the original stock samples were received and stored frozen.  Semen 
samples collected and used for fertility purposes are typically treated with a cryo-protectant and 
stored under liquid nitrogen.  The apparent deterioration of the stock boar semen samples used 
for this work provided further evidence of the importance of appropriate preservation and 
storage to avoid reduction in concentration of the stock samples due to long term freezing in a 
conventional freezer, without cryo-protectant.  However, it was still possible to assess the number 
of spermatozoa present in each stock aliquot sample, so there was no effect on the results in this 
study. 
 
5.5.2 Selection of appropriate experimental control 
Since this work was seeking to develop a new extraction method, it was not possible to 
incorporate a known control against which to measure the relative success of any of the proposed 
extraction methods.  Test substrates were prepared using the same method as for the 
experimental samples (Chapter 2, section 2.4) but treated with ddH2O instead of salt solution and, 
where possible, treated with the same volume of liquid as them.  In practice, the addition of water 
served to continually swell the SAP gel, in some instances before the full volume of liquid required 
for the washes in the method had been added.  Whilst this method did not provide a true control 
sample, it allowed for a comparison of the SAP behaviour between additions of water versus CaCl2 
and ensured there was some cellular material present for observation of sperm head recovery 
purposes.   
 
5.5.3 Selection of optimum salt concentration 
Qualitatively, it was observed that increased molarity of the CaCl2 salt solutions produced 
increasingly larger cell pellets, indicating that this was a factor in the breakdown of the SAP gel.  
In order to develop the optimum extraction protocol, it was considered imperative to select the 
highest salt concentration which would not potentially interfere with any subsequent DNA 
analysis ultimately intended for the semen containing SAP extraction product.  Statistical analysis 
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of variance of the small sample set (Table 5.3) in this chapter indicated that there was no 
significant difference between the four molar concentrations used.  As the highest numbers of 
spermatozoa recovered in this experiment were delivered with the 0.5 M solution, this 
concentration was selected to complete the remaining evaluation experiments.  Interestingly, the 
ANOVA also showed no significant difference in terms of spermatozoa recovery between the 
varying molar salt solutions and the putative control which used ddH2O.  However, a water 
extraction was disregarded since it could be seen in these samples that the spermatozoa remained 
within the gel and it was already known from current forensic casework practice that DNA analysis 
on such samples was unsuccessful.   
 
 
5.5.4 Evaluation of release of spermatozoa from SAP gel 
Most of the literature concerned with semen sample handling related to its use for fertility 
purposes and stated that the use of a vortex was not recommended to avoid damage to the 
spermatozoa.  It was also widely stated that semen samples agglutinate and spermatozoa within 
samples tend to clump together.  Vortex damage, including removal of the spermatozoa tails 
would clearly affect motility, which would be an obvious issue for fertility purposes.  However, 
motility was not considered an issue for forensic samples so a vortex step was added to the 
sampling aspects of the procedures in this work in an attempt to maintain the homogeneity of 
the sample.   
Spermatozoa were recovered from the SAP in each of the experimental methods, using a range 
of salt solution concentrations and at decreased volumes of template semen samples.  This 
indicated that spermatozoa recovery was possible and it was likely that yield could be improved 
by further method optimisation.  Whilst the extraction products delivered spermatozoa clearly 
free from SAP gel, it was also observed that there were some present whose tails were still 
apparently stuck within the gel.  It was not anticipated that this would have an effect on any 
subsequent DNA analysis since the sperm heads themselves appeared to be free from the gel and 
available for DNA extraction.  However, it remained to be seen whether the gel itself behaved as 
an inhibitor to the DNA analysis process.  This was investigated in the Chapter 6 detailing the 
results from the experiments undertaken with human semen samples which were to be further 
tested for successful sperm recovery using forensic industry standard DNA analysis. 
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5.5.5 Sampling variability 
The range of experiments completed to this point confirmed much of the information regarding 
semen sample handling that had been established from the literature.  Maintaining homogeneity 
in neat semen samples was difficult without some attempt at manual mixing and prolonged 
storage appeared to have an adverse effect on sample concentration.   
The spermatozoa recovery results showed that the spermatozoa were not always fully released 
from the SAP gel and some results appeared to indicate stochastic variation within each of the 
samples, indeed with some samples showing no spermatozoa were recovered.  This immediately 
indicated that taking only one x 1 µL aliquot to measure the number of spermatozoa could show 
a false negative.  It had been anticipated that an additional CaCl2 wash may cause further 
breakdown of the SAP gel, but the appearance of the aliquot spots on these sample extracts 
remained the same when this third wash was performed after the first initial water wash.  
Consideration was given to examine reproducibility by defrosting extracts and re-measuring 
recovery from some samples but analysis presented in Chapter 4 had shown that there was a high 
variability in repeated 1 µL aliquot samplings.  It was therefore not considered useful to defrost 
these sample extracts and take further measurements since repeated freeze-thaw cycles were 
already known to have an effect on the stability of semen samples.   
 
5.5.6 Evaluation of Combined Multi-Wash and Separate Multi-Wash methods 
In experimental development, test substrates which had been freshly prepared and then frozen 
for storage were used.  It became apparent that it would be necessary to evaluate the relative 
spermatozoa recovery success of the proposed methods using samples which, as far as possible, 
could replicate those encountered in forensic casework.  It was also important to develop a 
method which delivered maximum spermatozoa recovery with the best efficiency and accuracy 
in terms of time effectiveness and limited use of costly consumables.  
The extraction method initially developed considered the relevance of the salt solution 
concentration, the efficiency of the extraction (in terms of the release of the spermatozoa from 
the SAP gel) and whether there was an adverse effect if the semen was allowed to dry within the 
gel.  This developed to a consideration of whether all of the protocol steps were necessary and /  
or essential to ensure sufficient rather than maximum spermatozoa recovery.  
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The Separate Multi-Wash method showed that the recovery of spermatozoa from the test 
substrate separately from the incubation liquid represented an approximately 25% increased 
recovery on that from the incubation only part of the protocol.  However, it was also observed 
that sufficient spermatozoa to obtain a DNA profile were recovered from the incubation liquid 
only.  Whilst the main objective of this work was to establish whether it was possible to break 
down the SAP sufficiently to release the spermatozoa from the gel, the efficiency and practicality 
of the process was considered.  The reason for this was twofold.  Forensic science is increasingly 
measured on speed and cost effectiveness as well as accuracy and precision, so all proposed new 
methods have to balance these aspects.  However, forensic scientists can only base their 
expectation of findings on alleged case circumstances and will never know in advance 
categorically what they may find on an exhibit.  Therefore, any method should seek to cover a 
range of outcomes where possible.  
 
5.5.7 Statistical evaluation 
Given that the comparison experiments in this chapter were repeated in triplicate using the same 
stock semen sample and the same sanitary towel test substrate, these repeated 1 µL aliquot 
samplings (A-L) could be considered as pseudo repeats for the purposes of statistical analysis and 
so the averages and standard deviations for each repeated experiment set in this batch of tests 
were calculated. 
All of the p-values for each relevant experiment combinations were >0.05.  This showed that there 
was no significant difference between any of the combinations of experiments analysed.  Firstly, 
this indicated that there was therefore no added benefit in the additional CaCl2 wash on the 
samples.   It was noted however, that there were fewer spermatozoa overall in the Frozen 3 
experimental batch compared with the Frozen 2 batch and fewer spermatozoa overall in the Air 
Dried 3 batch compared with the Air Dried 2 batch.  This was thought to be due to increased loss 
due to sample handling between the additional wash steps.  It was therefore reasonable to 
perform only two, rather than three CaCl2 wash steps in an optimised method.   
Secondly, there was no significant difference seen in the spermatozoa recovery between freshly 
frozen samples and those which had been allowed to air dry.  This was a particularly significant 
finding as it suggested that the extraction method protocol should not be any less effective on 
samples recovered at least a day after alleged semen deposition.  This indicated that the 
optimised method should be suitable for implementation in a live forensic casework environment.  
Comparison of Combined Multi-Wash and Separate Multi-Wash methods 
100 
  
Both methods were demonstrably reproducible and could be considered to produce reliable 
results once optimised and validated for forensic casework use. 
5.6 Conclusion 
The results presented in this chapter directed the decisions made for the parameters selected 
inclusion in the final, optimised spermatozoa recovery method to be performed on a source of 
human semen to prove the concept of the technique.  The SAPSWash method described in 
Chapter 2, section 2.9 was proposed and the results obtained using human semen were presented 
in Chapter 6.  This method delivered an effective, efficient and reproducible process for recovering 
spermatozoa from SAPs using inexpensive and widely available consumables, compatible with 
existing forensic techniques.  The success of the spermatozoa recovery from the human semen 
samples was to be tested by attempting industry standard DNA analysis rather than by counting 
the number of spermatozoa recovered since an evidentially useful DNA profile would be the 
optimum objective to prove the usefulness and success of this technique for development in the 
forensic casework arena.   
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6 SAPSWash method undertaken on human semen samples 
6.1 Aims for this chapter 
The previous work demonstrated that boar spermatozoa could be recovered from SAPs and a 
SAPSWash method (Chapter 2, section 2.9) had been established.  It was necessary to prove that 
the method developed using boar semen would be applicable to the use of human semen in order 
to demonstrate that it would be applicable for use in operational forensic science.  Therefore the 
major aim of this chapter was to establish whether human spermatozoa could be similarly 
recovered using the optimised method.  Furthermore, the ultimate aim was to achieve evidentially 
suitable DNA profiles from any spermatozoa recovered from SAPs, using industry standard DNA 
analysis techniques, provided by a commercial forensic service provider. 
 
6.2 Introduction 
A source of boar semen was used throughout the experimental testing phases of this work.  As 
explained in Chapter 1, section 1.4, boar semen was similar to human semen in terms of its physical 
properties, including in particular the size of its sperm heads.  It had been initially difficult to identify 
a reliable and safe source of human semen in sufficient volume to undertake the method 
development work.  It was therefore considered appropriate to complete the initial work with boar 
semen, which was easier to obtain and simpler from an ethical perspective, then to complete the 
final proof of concept work with a source of human semen.   
This chapter presented the results of the experiments performed to demonstrate that the 
SAPSWash method (Chapter 2, section 2.9; Figure 2.6), shown to release boar semen from SAPs 
remained effective when attempting to release human semen from the same sanitary protection 
substrates.  After sample collection, the resultant extracts were sent to a commercial forensic 
service provider to attempt industry standard DNA analysis    
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6.3 Methods and materials 
6.3.1 Test substrate sample preparation 
The test substrates were prepared in exactly the same way as for the boar semen samples (Chapter 
2, section 2.4).  However, the human donor semen provided by Wessex Fertility Clinic was supplied 
at a concentration of 65 million spermatozoa per mL.  Given that this was approximately five times 
the concentration of the most concentrated boar semen sample aliquot used throughout this work, 
then the human sample was diluted with molecular biology grade (MBG) water in the ratio of 1:4 in 
a 20 mL sterile universal tube.  Test slides were prepared to observe the spermatozoa population 
at this reduced concentration (Figure 6.1).  The test substrate samples were uniquely labelled so 
they could be easily distinguished for clarity of sample handling at the forensic laboratory who were 
to be processing the DNA analysis.  The set of frozen test substrate samples were labelled HF-A, HF-
B and HF-C and the air dried set were labelled HAD-A, HAD-B and HAD-C, with the H denoting 
“human”.  The frozen samples were prepared, immediately frozen at -4oC overnight and only 
defrosted approximately 24 hours later to undertake the extraction process.  The air dried samples 
were prepared at the same time as the frozen sample batch but left to air dry overnight, then placed 
in their respective Eppendorf tubes before the extraction protocol was performed on them.  These 
samples were not frozen before the extraction process was performed on them.   
6.3.2 Extraction process 
The SAPSWash method (Chapter 2, section 2.9; Figure 2.6) which incorporated the pellet only 
method was employed for these samples.  The extracted test substrates were retained in spin 
baskets in fresh Eppendorf tubes should their examination be required.  The final cell pellets were 
re-suspended in 100 µL MBG water and twelve 1 µL aliquots were spotted onto slides for 
observation.  These slides were not searched extensively as the samples were to be tested using 
DNA analysis to demonstrate the efficacy of both the extraction method and whether the 
spermatozoa were adversely affected by the process.   
Given that these samples were to be subjected to DNA analysis by a private forensic service provider 
it was necessary to consider and implement some minor amendments to consumables to reduce 
any potential for sample contamination, in line with protocols adhered to in the forensic industry.  
The 1.5 mL Eppendorfs used with the boar semen samples were replaced with guaranteed DNA 
free 1.5 mL Eppendorf tubes (Eppendorf), supplied in individual blister packs and the previously 
used distilled water was replaced with MBG water (Fisher Scientific, New Jersey, USA).  Pre-
sterilised pipette tips were also employed.  All experimental work completed using human semen 
samples was performed wearing a face mask and nitrile gloves to avoid any sample contamination 
by the operator.   
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Figure 6.1: Am image to show the semen sample provided by the anonymous donor from 
the Wessex Fertility Clinic.  This images shows a 1in 5 dilution of the neat sample provided 
magnified using the x 40 objective on a Leica microscope.    
  
6.3.3 Transfer of samples for DNA analysis 
Each of the six sample extracts (HF-A, B and C and HAD-A, B and C) were centrifuged again and the 
supernatant was removed and discarded to leave just the cell pellet in the bottom of each tube.  
The tubes were transferred to a polystyrene tube box, packed with ice and stored in a freezer at       
-4oC before transfer.  This box, together with the donor’s reference buccal scrapes were additionally 
packaged into a uniquely labelled, police evidence type bag polythene bag and collected by the 
forensic service provider’s courier driver who provided sample transfer documentation to maintain 
the chain of continuity.   
 
6.3.4 DNA analysis 
The DNA analysis undertaken was described in Chapter 2, section 2.14.  Electrophoretogram images 
and processing documentation were returned from Key Forensic Services and the DNA profile 
images were presented in the following results section.   The DNA analysis process paperwork was 
provided in Appendix 2. 
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6.4 Results 
6.4.1 Experimental observations 
The slides made from each of the six extracts were not searched extensively.  However, 
spermatozoa were identified in at least one aliquot spot for each of the samples, indicating that 
there were approximately 100 spermatozoa present in each sample.  Quantification values for 
autosomal and Y-STR DNA measured during the DNA analysis were given in Table 6.1.   
 
6.4.2 DNA analysis 
The researcher provided a copy of her ESI17 DNA profile (Figure 6.2) for comparison purposes, in 
order to eliminate any sample contamination as this work was not completed in a designated DNA 
clean laboratory.  A reference DNA profile was obtained from the buccal scrapes provided by the 
donor of the human semen sample (Figure 6.3), also for comparison purposes. 
The DNA STR results obtained from the samples designated HF-A, HF-B, HF-C, HAD-A, HAD-B and 
HAD-C were presented in Figures 6.4-6.12.  Full profiles indicating a full complement of alleles were 
obtained from samples HAD-A and HAD-C (Figures 6.9 and 6.12).  Partial profiles, indicating an 
absence of alleles at some loci were obtained from samples HF-A, HF-B and HAD-B (Figures 6.4, 6.6 
and 6.10) and no result was obtained from sample HF-C.  The samples which had produced 
incomplete, partial DNA profiles or failed results were sent for further analysis (Chapter 2, section 
2.14) and these repeated results were presented in Figures 6.5, 6.7, 6.8 and 6.11.  
Table 6.1: Autosomal and Y-STR DNA quantitation values for all human semen samples 
extracted using the SAPSWash method.  Quantification is measured in nanograms per 
microlitre (ng/µL) 
   Pre-microcon 
Quant Score 
ng/µL 
 
Y Quant Score 
ng/µL 
Microcon 
Quant Score 
ng/µL 
 
Y Quant Score 
ng/µL 
HF-A 0.068 0.252 0.093 0.206 
HF-B 0.053 0.202 0.079 0.146 
HF-C 0.078 0.250 0.084 0.180 
HAD-A 0.014 0.047 0.029 0.035 
HAD-B 0.058 0.163 0.074 0.134 
HAD-C 0.042 0.132 0.074 0.119 
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6.4.3 Reference samples 
 
  
Figure 6.2: DNA STR profile using ESI17 depicting the reference profile of the 
researcher. 
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Figure 6.3:  ESI17 DNA STR profile obtained from reference buccal scrape provided by the 
human semen donor. 
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6.4.4 Human semen samples 
 
 
Figure 6.4: ESI17 DNA STR result obtained from extract designated HF-A, produced using 
SAPSWash method (Chapter 2, section 2.9).  Inhibited result. 
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The DNA result obtained from the extract designated HF-A, produced using the SAPSWash method 
was incomplete (Figure 6.4).  There were no designated alleles at the amelogenin, D8 and FGA loci.  
The sample was reprocessed using the method described in Chapter 2, section 2.14 and the full 
profile result obtained was shown in Figure (6.5). 
 
 
 
Figure 6.5:  ESI17 DNA STR result obtained from extract designated HF-A, produced using 
SAPSWash method (Chapter 2, section 2.9).  Repeated result. 
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The DNA result obtained from the extract designated HF-B, produced using the SAPSWash method 
was considered inhibited as the alleles at amelogenin were disproportionate (Figure 6.6). The 
sample was reprocessed using the method described in Chapter 2, section 2.14 and the full profile 
result obtained was shown in Figure (6.7). 
 
 
Figure 6.6: ESI17 DNA STR result obtained from extract designated HF-B, produced using 
SAPSWash method (Chapter 2, section 2.9).  Inhibited result.   
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The DNA result obtained from the extract designated HF-C, produced using the SAPSWash method 
failed.  There were no designated alleles and no electrophoretogram was produced.  The sample 
was reprocessed using the method described in Chapter 2, section 2.14 and the full profile result 
obtained was shown in Figure (6.8). 
Figure 6.7: ESI17 DNA STR result obtained from extract designated HF-B, produced using 
SAPSWash method (Chapter 2, section 2.9).  Repeated result.   
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Figure 6.8: ESI17 DNA STR result obtained from extract designated HF-C, produced using 
SAPSWash method (Chapter 2, section 2.9).  Repeated result. 
 SAPSWash method using Human Semen 
113 
  
 
 
 
 
A full DNA profile was obtained from the extract designated HAD-A, produced using the SAPSWash 
method (Figure 6.9).   
 
 
 
Figure 6.9: ESI17 DNA STR result obtained from extract designated HAD-A, produced using 
SAPSWash method (Chapter 2, section 2.9). 
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The DNA result obtained from the extract designated HAD-B, produced using the SAPSWash method 
was incomplete (Figure 6.10).  There were no designated alleles at the amelogenin locus.  The 
sample was reprocessed using the method described in Chapter 2, section 2.14 and the full profile 
result obtained was shown in Figure (6.11). 
Figure 6.10: ESI17 DNA STR result obtained from extract designated HAD-B, produced using 
SAPSWash method (Chapter 2, section 2.9).  Inhibited result. 
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A full DNA profile was obtained from the extract designated HAD-C, produced using the SAPSWash 
method (Figure 6.12).   
  
Figure 6.11: ESI17 DNA STR result obtained from extract designated HAD-B, produced using 
SAPSWash method (Chapter 2, section 2.9).  Repeated result. 
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  Figure 6.12: ESI17 DNA STR result obtained from extract designated HAD-C, produced 
using SAPSWash method (Chapter 2, section 2.9)   
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6.5 Discussion 
6.5.1 Expectations 
Given the similarities between the physical properties of boar and human semen, it was not 
anticipated that the SAPSWash method would be hindered by the use of human semen.  However, 
as the human semen provided was approximately five times the concentration of the boar semen 
used for the developmental experiments, it was diluted with water in order to replicate as far as 
possible the conditions of the rest of the study.  As there had been some challenges throughout 
with maintaining the semen sample homogeneity, there was some concern that diluting the stock 
semen sample may have had an effect but it was demonstrated microscopically that each of the six 
tested samples had spermatozoa present which had been successfully released from the SAP within 
the test substrates. 
There are a number of known PCR inhibitors encountered in forensic DNA casework, the indigo dye 
in denim fabric being a common one.  Dilution of inhibited samples can permit the generation of 
DNA profiles from them since this has the effect of diluting the inhibitor.  Given the developed 
experimental methods had been shown to not fully breakdown the SAP gel, it was known that at 
least some was likely to be present in each of the extracts.  It was anticipated that the SAP gel may 
behave as a PCR inhibitor so it was therefore considered essential that the extraction products from 
the SAPSWash method using human semen were tested using industry standard DNA analysis.  This 
would prove both whether the SAP was a potential inhibitor and also demonstrate whether any 
semen recovered from the SAP was suitable for DNA analysis.  It terms of forensic investigation, the 
recovery of the semen from the SAP would be of limited use if a DNA profile for comparison 
purposes could not be generated from it. 
6.5.2 DNA analysis 
Of the six samples tested, inhibition was seen in all three of the samples which had been previously 
frozen and only one of those which had been air dried.  The inhibition was seen by the absence of 
alleles at one or more loci and could be distinguished from sample degradation by the absences not 
being necessarily only at the high molecular weight loci.  The microcon test (Chapter 2, section 2.14) 
is commonly used in forensic DNA analysis as a clean-up step for samples which have not produced 
a full profile at first attempt.  Each of the samples which gave inhibited DNA results at first attempt 
went on to generate full DNA profiles after being treated with the microcon clean-up step.  This had 
two clear benefits for the resolution of this work.  It was encouraging to obtain full DNA profiles 
from all of the human semen extract samples using the routine DNA analysis techniques which have 
been standard and robust in the UK forensic laboratories for a number of years.  This implied that 
the extraction method could be adapted for implementation in forensic casework use without 
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amendment to existing techniques for DNA analysis.  Furthermore, the DNA analysis was shown to 
be successful on the samples which had been left to air dry overnight, a process which had been 
included to attempt to replicate a live casework exhibit. 
Every effort had been made to avoid the potential for sample contamination, including wearing 
appropriate personal protection equipment, utilising DNA free consumables and working alone in 
the laboratory.  Given that the test substrate preparation and the preparatory SAP extraction work 
had been done in a non-designated DNA clean laboratory, it was also encouraging that there was 
no evidence of contamination present within the DNA results obtained, either from the researcher 
or other unknown sources.   
 
6.6 Ethics 
An application for ethical approval was submitted to the University of Portsmouth, Science Faculty 
Ethics Committee before the commencement of this study (Appendix 1).  It was outlined that the 
methodological development would be completed using a source of animal semen but that the 
intention was to prove the concept on a source of human semen.  The use of animal semen 
presented few issues however the considerations required for the use of human semen were many.  
The Human Fertilisation and Embryology Authority (HFEA) were consulted regarding the supply, 
use and storage of human semen samples.  It was established that it would be appropriate to source 
a human semen sample provided by a donor to a fertility clinic if his permission had been sought 
for the use of his samples for research purposes.  It was also agreed that whilst a fertility clinic 
would require a licence for human semen sample storage and handling, this research did not 
require the same licence and, critically, that the fertility clinic could provide the researcher with 
donated samples without contravening the terms of their own licence.  The donor was provided 
with a Participant Information Sheet (Appendix 1) and signed a consent form, held by the fertility 
clinic to protect his anonymity.  Since this research required the generation of a DNA profile from 
any semen recovered, permission for this was also sought from the donor.  He also provided a 
mouth swab so his reference DNA profile could be obtained.  Key Forensic Services Ltd required this 
reference profile to be retained for twelve months on their DNA elimination database and so this 
permission was also sought from the donor and the fertility clinic confirmed in writing to KFS that 
this had been received and retained. 
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6.7 Conclusion 
The SAPSWash method has delivered a process whereby semen can be successfully desorbed or 
extracted from the SAPS contained within sanitary protection products.  Furthermore, it was 
possible to obtain full ESI17 DNA profiles, suitable for evidential comparison from recovered semen 
which had been stored frozen and semen which had been left to air dry.  These findings represent 
the successful achievement of the aims of this work. 
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7 Discussion 
7.1 Review of overall aims 
Forensic casework examination in sexual assault cases almost always includes the examination of 
exhibits for the presence of semen.  Whilst this is generally undertaken with a simple water 
extraction on most exhibits, there is currently no standard method to recover the DNA containing 
spermatozoa from sanitary protection product exhibits which contain SAPs.  The overall aims of this 
study were to establish whether it was possible to release spermatozoa from SAP containing 
sanitary protection products and, if so, whether it was possible to obtain evidential standard DNA 
profiles from them. 
 
Modern sanitary protection products which contain super absorbent polymers have always 
presented a problem to forensic scientists because they have been designed to specifically retain 
liquids deposited onto them.  Typically, an examination of such items would include an acid 
phosphatase (AP) presumptive test for seminal fluid on the upper surface followed by an attempted 
extraction to identify spermatozoa on any area showing a positive result.  The AP test can also give 
positive reactions in the presence of vaginal material and bacteria, so a reaction indicating the 
possible presence of semen may be inaccurate and the absence of semen may be a true result.  The 
inner SAP containing surfaces are not tested because their absorbent nature renders this impossible 
with a water extraction.  It is likely that the SAP is wholly effective in its absorption and any semen 
deposited does not remain on the upper surfaces.  However, the inability of forensic scientists to 
detect semen on these products may also be because it is not actually present since allegations can 
also be either inaccurate or untrue.   
Current forensic casework recovery methods prohibit the recovery of spermatozoa in these 
products.  This has meant that any cases which included these products as exhibits could not be 
fully investigated and may have meant that crimes have been undetected or unresolved.  Since 
SAPs have been found to be present in nappies, sanitary towels and incontinence pads, the 
successful resolution of the inability to recover semen from the could have a significant impact on 
the investigation of sexual offences across a wide range of potential complainants and in particular 
those who may be considered particularly vulnerable, such as infants or the elderly. 
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This work has established a protocol to facilitate the recovery of spermatozoa from sanitary 
protection products containing superabsorbent polymers.  The SAP Sperm Wash (SAPSWash) 
method has been developed and presented and has been shown to deliver full DNA profiles from 
spermatozoa recovered directly from the SAP from samples.  The method has been shown to be 
effective on samples which could be considered to contain lower template DNA than may be 
expected from a full average ejaculate. 
7.2 Key Findings 
As suggested by Liu et al., (2012)and Hu et al., (2004), it was possible to break down SAPs and 
effectively desorb liquid within their matrix.  This current study has developed a method to 
demonstrate that this chemistry could be successfully applied to the retention of semen in SAPS in 
sanitary protection products which may be submitted as exhibits in forensic casework.  The yield of 
the spermatozoa was comparatively poor considering the number of spermatozoa applied to the 
test substrates but sufficient amounts were recovered to yield a full DNA profile, displaying the full 
complement of ESI17 alleles matching that of the human semen donor.  No sample contamination 
was seen by way of additional alleles which would indicate a mixture of DNA in the sample.  This 
finding represents a vast improvement on current methods which cannot recover any semen from 
the SAP in these types of exhibit substrate. 
Current forensic exhibit storage requires samples contaminated with semen to be transferred and 
stored frozen, immediately on receipt (FFLM).  This is to ensure their integrity is maintained for as 
long as possible before they can be examined.  Clearly those responsible for recovering such 
exhibits have no control over how they have been stored before they are seized and it was 
considered likely that such exhibits would not be recovered as such immediately after any body 
fluid was deposited on them in the event of an alleged sexual offence.  This work has demonstrated 
that there was no significant difference in the recovery of spermatozoa between test substrate 
batches which had been prepared freshly, from the same semen sample, at the same time, with 
one batch being immediately frozen and another being allowed to air dry overnight.  Clearly, it 
remained preferable that any exhibits are recovered and stored following crime scene examination 
guidelines as swiftly as possible after an alleged offence had occurred. 
Full ESI17 DNA profiles were obtained from each of the six samples tested using the SAPSWash 
method on human semen samples.  Three samples had been frozen immediately after preparation 
and three had been allowed to air dry overnight.  Of the six samples which were tested, two gave 
full profiles at the first attempt.  These two samples were those which had been air dried before 
extraction, demonstrating that DNA analysis could be successful on semen recovered from SAP 
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containing samples which had been simulated to replicate forensic casework samples.  Of the 
samples which did not provide full profiles at the first attempt, three displayed signs of sample 
inhibition with missing alleles at apparently random loci.  This is different from the effects seen in 
degraded samples which typically do not amplify the higher molecular weight alleles.  The result 
obtained from the first attempt of sample designated HF-C produced no designated alleles – which 
would typically be described as a failed result.  All of these samples produced full profiles when 
subjected to the microcon clean-up step which is standard forensic DNA practice in samples which 
may contain PCR inhibitors.      
It was noted that the concentration of the stored boar semen deteriorated over time with 
prolonged storage in a freezer at -4oC with no cryo-protectant.  It was clear from the literature that 
semen samples stored for human fertility purposes were stored under liquid nitrogen and with a 
cryo-protectant.  The human semen sample provided had been stored in this way and no adverse 
effects were observed either regarding the ability to recover the semen from the SAP or achieving 
a full DNA profile.  It would therefore be recommended that any further work considered using 
human semen was done using either fresh samples available for immediate use or using the long 
term storage methods recommended for samples taken for fertility purposes. 
 
7.3 Experimental challenges  
In some of the initial pilot study experiments, microscopic observation of the recovered samples 
revealed agglutination and clustering of large numbers of spermatozoa.  This had an effect on 
quantification, as it was not possible to accurately count spermatozoa by eye when they were 
clustered in high numbers, obscuring their appearance for accurate and reliable identification.  
Semen sample viscosity can be highly variable between samples and between donors so 
appropriate methods of sample handling should be employed to ensure as far as possible, the 
homogeneity of the samples when attempting to quantify recovery in a method such as this.  It is 
not sufficient to simply shake the vessel containing a recently thawed semen sample to equilibrate 
it.  The shaking action, or even the use of a vortex, can damage the spermatozoa and detach any 
tails present so it is preferable to use a less destructive method to homogenise any samples.  
Convention suggested that repeated drawing in and out of the sample through a large bore pipette 
should both homogenise the sample and improve its viscosity for ease of sample handling.  Clearly 
this method will only improve the relative quality of semen samples for quantitative samples such 
as these.  Most of the literature found regarding semen sample handling was in relation to samples 
used for fertility purposes.  Naturally, these focused on minimising the destruction of the 
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spermatozoa.  The forensic scientist is generally more concerned with the recovery of intact sperm 
heads and the avoidance of contamination rather than the presence of absence of tails and so will 
commonly use a vortex to mix their samples and ensure they are not retained in the Eppendorf lid 
from where they can be dislodged on opening, potentially introducing a contamination risk, 
particularly when working with more than one sample at any given time.   
Variation in forensic casework samples is likely due to individual original semen donors so forensic 
scientists should reasonably expect to see samples with agglutination and clusters of spermatozoa 
in any recovered population.  As explained, this should not interfere with any subsequent DNA 
analysis since that process includes an inherent quantification step to measure the sample’s DNA 
concentration for optimum amplification conditions.      
The range of experiments completed confirmed much of the information regarding semen sample 
handling that had been established from the literature.  Maintaining homogeneity in neat semen 
samples was difficult and prolonged storage appeared to have an effect on sample concentration.  
Preparation of diluted samples introduced a further level of variability as it proved difficult to 
achieve sample homogeneity when diluting with water to try to replicate either samples of 
reduced concentration or those mixed with other body fluids to replicate forensic casework. 
A conventional, null experimental control would typically be a blank substrate that was treated in 
the same ways as the other experimental samples to ensure there was no contamination in the 
method protocol.  It was decided to use a semen stained test substrate sample but to perform all 
the incubation and washing steps with water rather than CaCl2.  Using this sample as a putative 
control meant the test substrate was the same and it was treated with the same volume of liquid 
as the experimental samples.  It also allowed for a comparison of the SAP behaviour between 
additions of water versus CaCl2.  It was considered a reasonable assumption that new, unused 
sanitary protection products could be expected to be semen free and that any found had been 
placed there when the test substrates were prepared. 
During the pilot studies described in Chapter 3, the aliquots of some of the recovered samples 
deposited onto microscope slides had a crystalline, chalk-like appearance when they were dried on 
the slide over a hotplate.  Attempts to stain these spots using Haematoxylin and Eosin led to their 
being washed off the slide into the collection tray.  Subsequent microscopic examination of the 
residual stain sometimes revealed the presence of some stained spermatozoa, but clearly much of 
the sample had been visibly washed away so reliable quantification was impossible.  It was 
considered likely that the chalk like appearance of the sample spot was due to excess precipitation 
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of the Ca2+ ions from the process which had broken down the polymer gel.  This led to the 
consideration of the optimum salt concentration to use to break down the gel.  It was further 
observed that insufficient polymer gel breakdown resulted in a still gel-like extraction product 
which in turn would not adhere to the microscope slide for scrutiny.  Therefore, a balance was 
needed between the optimum salt solution concentration to sufficiently breakdown the polymer 
gel to release the spermatozoa without retaining a gel consistency which prevented slide adhesion.  
A final water wash step was added to the protocol which had the effect of improving the sample 
adhesion, providing optimum conditions to allow for accurate and effective sample quantification.    
The test substrates for this work were made freshly for each experiment which, in the pilot study 
(Chapter 3), was performed immediately after their preparation and without sample storage, frozen 
or otherwise.  It was considered therefore that the semen may not have been fully and immediately 
absorbed into the SAP.  For this reason, the upper layer of the chosen substrate was removed and 
retained to ensure that the extraction method was performed only on the part of the sanitary towel 
which was known to contain the SAP.  This was to avoid any suggestion that the known deposited 
semen had somehow been retained unabsorbed on the upper surface and was not absorbed within 
the SAP.  In some of the early pilot study work, it was noted that solid CaCl2 did not release semen 
from stained samples which had been allowed to dry.  Given that forensic casework exhibits are 
rarely, if ever recovered and stored immediately after any body fluid has been deposited, then it 
was important to try to replicate this in any studies to measure the effectiveness of the SAP 
desorption method.  This work addressed this issue by comparing the developed extraction 
methods on both frozen and air dried substrate samples. 
Liu et al. (2012) were successful in using CaCl2 in its powdered form to release urine from nappies 
to facilitate its examination for phthalate contamination.  Their experiments sought to release up 
to 8.0 mL volumes of deposited urine and they purpose made a test-tube like glass separation vessel 
with a powdered glass filter to support their work.  Their experimental method was informative but 
ultimately not directly suitable for the forensic application required for this body of work for a 
number of reasons.  Forensic casework samples commonly deal with much smaller volumes of 
deposited body fluids, with an average full human ejaculate estimated at around 4 mL and 
detection commonly significantly less than this.  The pilot study in this work examined the use of 
powdered CaCl2 in part because of the success encountered by Liu et al. (2012).  Initial indications 
were that semen did indeed appear to be released from the polymer however, these preliminary 
experiments highlighted other issues to be considered both in the accuracy of the work and its 
future practical application in an operational forensic laboratory.  It was possible that the release 
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of spermatozoa using powdered CaCl2 appeared to work because the spermatozoa were present in 
excess and therefore, arguably not fully absorbed into to SAP.  It had been observed that solid CaCl2 
did not release spermatozoa from test samples which had been allowed to dry.  Given that exhibits 
submitted for forensic casework have an unknown amount of semen (if any) present then there 
was a need to investigate and identify the absorption limits of the SAP in known sizes of known 
sanitary protection products.  It was also quickly observed that the use of powdered CaCl2 adversely 
affected the manual handling of the samples.  Accurate measurement of such small amounts of 
sample was not easily reproducible and the powdered CaCl2 had a tendency to solidify in the 
Eppendorf tubes containing the substrate samples, rendering impossible the sample handling and 
ability to measure any semen recovery microscopically and quantitatively.  This precipitation 
element led to the consideration of the application of the CaCl2 in solution.   
 
It had initially been assumed that using salt solutions would not be suitable given the inherent 
nature of the SAP and their capacity for disproportionate absorption.  However, initial studies 
indicated that application of CaCl2 in solution to the polymer did in fact break it down, facilitating 
the release of the spermatozoa.  This in turn led to a further consideration to assess and identify 
the optimum CaCl2 solution concentration to maximise the spermatozoa recovery.  In discovering 
that the use of CaCl2 in solution may provide the spermatozoa recovery method basis, another 
problem was highlighted.  Ideally, the confirmation of the presence of spermatozoa is performed 
microscopically by observation and quantification of a known aliquot of recovered sample.  Whilst 
this was done to a degree which allowed for some observation of spermatozoa, it was clear that 
the aliquot spots of sample would not adequately, wholly adhere to the microscope slide, initially 
rendering quantitative analysis impossible.  Whilst clearly quantification of sample size for DNA 
analysis is important, the accurate quantitative analysis was not a requirement at the identification 
of the presence of spermatozoa stage for forensic casework in the same way as would be required 
for fertility studies.  However, any loss of sample at this stage may inaccurately indicate the absence 
of spermatozoa so it was imperative that the issue with sample slide adhesion was overcome.   
Historically, recovery of semen from intimate swabs or other items seized as exhibits in sexual 
offence cases was undertaken with a simple water extraction.  The items were typically agitated in 
1 mL of water to release any cells present into solution and spermatozoa were visualised by spotting 
a 5 µL aliquot of the cell suspension onto the slide and staining it with Haematoxylin and Eosin to 
estimate the number of spermatozoa present.  There was some method variability between 
different forensic laboratories but until relatively recently, there was very little published data on 
expectations of finding of semen given particular sets of case circumstances.  Studies of semen 
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persistence data analysed casework data using methods which have since been superseded (Willott 
& Allard, 1982; Allard, 1997;).  This is one of the reasons why the semen extraction method had not 
deviated from its traditional format over many years although the recent work by Owers et al., 
(2018) has attempted to address this.  Advances in DNA analysis have shown that DNA can be 
recovered from items with no body fluids identifiable by current methods.  Whilst this could be due 
to the increased sensitivity of the DNA analysis, it should also been considered that existing body 
fluid identification techniques were not exhaustive and so several forensic service providers have 
done independent work to try to improve semen recovery methods.  Few of the current techniques 
are published as forensic services in the UK are provided by commercial companies, so any 
examination improvements could potentially lead to more contractual work.  However, it has been 
established that it is now preferable to extract items for semen using buffer solutions, such as Mo 
Lite or Mo Classic as described by Hulme et al., (2012), rather than water.  There is a fine balance 
between detecting a body fluid and obtaining a DNA profile which can be attributed to it and so 
current thinking is to extract body fluids into controlled pH environments compatible with any 
subsequent DNA analysis. 
Traditionally, spermatozoa recovery had been measured by the microscopic methods described in 
this work.  This is a reasonable method when there is a high sperm population in the sample and 
the recovered item is clean.  However, observation of very few numbers of spermatozoa, such as 
those present either due to low original deposition or due to a loss since deposition (for example 
on intimate swabs taken some days after alleged sexual intercourse) can be very difficult, if not 
impossible on some exhibits.  Intimate swabs with an inherently high epithelial cell population or 
samples taken from nappies or sanitary towels contaminated with other body fluids or waste 
matter can obscure spermatozoa, particularly if they are only present in small numbers on 
microscopic preparations.  Alternative methods for accurate sperm counting were considered for 
this study.  It is possible to use a fluorescent stain to target spermatozoa and to programme a 
microscope to search for the fluorescence but in personal communication is was considered that 
searching by eye was still more efficient.  The haemocytometers can be a useful tool for counting 
neat semen samples but were found to be inefficient for unstained samples in this study. 
Since the late 1980s, DNA analysis has become more prevalent and accepted, there has been a 
move towards more efficient methods of determining the presence of spermatozoa.  Some work 
seen in personal communication shows that DNA quantification is measured to assess likelihood of 
successful generation of a DNA profile rather than an arbitrary measure of the number of 
spermatozoa present.  It can also be useful in forensic casework to test recovered samples for the 
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presence of Y-STR which would indicate the presence of male DNA.  Whilst this is possible, Y-STR 
testing would target all male DNA and would not be specific for spermatozoa.  The relevance of this 
method would be case specific and may not be appropriate, particularly in sexual offence cases 
where the presence or absence of spermatozoa can be critical.  It was important to note that this 
significance can change during the progression of a case so sometimes it would be necessary for 
the forensic scientist to anticipate what may be required in order to provide the most appropriate 
analysis for the sample.  For example, if a suspect said that they had no sexual contact with a 
complainant then finding DNA matching them may be very relevant and attribution of this DNA to 
a specific body fluid less so.  However, when presented with DNA analysis findings, it can be 
common for a suspect to provide further explanation for the presence of DNA matching them 
whereupon, the capacity to attribute any DNA profile obtained to a specific body fluid may take on 
additional relevance.      
As already described, historical, conventional, forensic semen recovery methods relied on 
identification of spermatozoa in a 5 µL aliquot of a 1 mL extraction volume (Allard, 2007).  This 
method developed so that comparisons could be made between samples and so a standard 
proportion of any extract was always examined.  For this work, a number of different aliquot sizes 
were considered. It was reasonable to select 5 µL initially to match industry convention.  It quickly 
became clear however that as the practical samples in this work were known to contain semen and 
had been prepared to ensure a recovery which should be easily identifiable, that 5 µL aliquots were 
often too concentrated for accurate searching.  For these reasons, sampling was switched to 1 µL 
aliquots.  Given the non-homogenous nature of semen as a sample, however, it was considered 
necessary to take twelve x 1 µL aliquots when measuring the recovery potential during the method 
evaluations in order to account for anticipated stochastic variation.   
A number of different aspects of the behaviour of SAPs were considered in the development of the 
SAPSWash method.  SAP containing sanitary protection products are evaluated for their absorption 
under load.  It was initially considered that the application of pressure may encourage the 
spermatozoa out from the SAP but it this method was quickly disregarded due to the difficulty in 
maintaining the reproducibility of pressure and the relative success and practicality of the use of 
salt solution. 
Of the six samples tested using the SAPSWash method on human semen samples, only two gave 
full profiles at the first attempt.  Both of these samples were those which had been air dried before 
extraction so it was encouraging from the perspective of achieving DNA profiles in a live forensic 
casework environment.  The remaining six samples also produced full DNA profiles but only after 
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implementation of the Microcon clean-up step.  This additional treatment does form part of 
standard forensic DNA analysis given the knowledge that some substrates present inhibition 
challenges, for example the indigo dye present in denim fabric.  It could be considered that these 
samples were initially unsuccessful due to the SAP gel being an inhibitor, or because three of the 
four had been stored frozen before they were exposed to the extraction process, or indeed a 
combination of both.  However, the full profile DNA results obtained indicated that neither of these 
options represented a significant challenge. 
 
7.4 Recommendations for future work 
In considering the findings of the work overall, there were many recommendations for scope to 
undertake further experiments to move this work forward.  The ultimate aim would be for the 
introduction of an efficient, cost effective and successful method of releasing spermatozoa from 
SAPs to further forensic investigation of sexual offences. 
 Some current casework methods used to extract semen from intimate swab or fabric 
exhibits use buffer solutions rather than water.  These have come to be considered to 
replicate a more natural environment for cellular material and were thought to be less 
harmful than ddH2O which can swell and lyse the cells.  Buffer solutions could replace the 
ddH2O used in all of the methods described in this work. 
 
 Some current casework methods include a cell lysis steps and a sample clean-up steps in 
the initial spermatozoa extraction method prior to any DNA analysis.  Any attempt to 
integrate the SAPSWash method into current casework could consider both of these 
aspects in an attempt to further optimise an overall method before casework validation 
and implementation into any laboratory standard operating procedures. 
 
 This work showed no significant differences in spermatozoa recovery between two and 
three additional salt solution washes.  The third wash undertaken in each of the methods 
in this work was only done after the first two washes and a water wash.  It may be 
considered useful to compare whether three salt washes followed by a final water wash 
delivered improved SAP breakdown.  It may be useful to consider whether soaking the 
substrate for longer in a larger vessel may eradicate the need for the additional washes 
altogether.   
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 This work has all been completed at ambient laboratory temperature with no investigation 
into the effect of temperature on the breakdown of the SAP.  Mindful of the time and cost 
implications, it would be reasonable to consider incubating samples in a water bath with 
controlled temperature(s) to consider whether temperature had any effect.  Similarly, the 
samples examined in this work were not agitated in any way to encourage the gel to break 
down, so this could be a further consideration. 
 
 It has been shown that the cell pellet increased with the increase in the salt solution 
concentration.  The decision to use 0.5 M CaCl2 was made in order to progress the work but 
was taken using data which had looked at insufficient numbers of aliquot samples and so 
could be considered erroneous.  There may be some value in revisiting the decision about 
the salt solution concentration and also the relative benefits of the presence of more than 
one anion. 
 
 This work has considered only test substrates made from excised sections of Ultra sanitary 
towels.  It is recognised that the range of SAP containing products includes products which 
are much bulkier than those used for this work.  It would therefore be recommended that 
the methods are scaled up to accommodate this by sourcing alternative vessels for the 
incubation and centrifugation of the samples.  Other suitable such consumables were found 
to be available but not tested in this study. 
 
 This work looked solely at the recovery of spermatozoa from the SAP and did not address 
the use of the presumptive tests available to evaluate the presence of seminal fluid prior 
to the identification of spermatozoa as the confirmatory test.  It may be possible to apply 
the AP test to the SAP beads within the absorbent pulp layer of the sanitary protection 
products or to test the first resultant supernatant from extraction method to establish 
whether seminal fluid may be present before completing the full method protocol.  This 
step could be built into any proposed standard operating procedure to inform any user 
about the relative usefulness of the extraction process if it could be shown that AP provided 
additional information.  This would need to be considered within the already known 
reliability parameters of the AP test. 
 
 It is acknowledged that this method has been developed and shown to work on clean, 
laboratory prepared samples, wholly uncontaminated with other body fluids.  Although, 
not always, such similar forensic casework exhibits would be considered likely to be 
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contaminated with other body fluids and waste material of the item wearer.  It would be 
preferable to examine whether the methods translate to soiled items, either sourced 
appropriately or simulated in the laboratory.   
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7.5 Conclusions 
This research aimed to establish whether it was possible to release spermatozoa from SAPs within 
sanitary protection products.  The successful retention of liquids in sanitary protection products has 
been a problem for forensic scientists worldwide since SAPs were first used in nappies and has 
become more widespread since their incorporation in products for adult use. 
The SAPSWash method has delivered an efficient, cost effective process which could be relatively 
easily implemented into current, mainstream forensic laboratory practices, using standard, 
inexpensive consumables.  The method was demonstrably effective in producing evidential quality 
DNA profiles, therefore the implications for this work are wide reaching and they could deliver 
immediate impact across a wide range of case types.  Whilst it is not known how many cases include 
SAP containing exhibits, it is known that forensic scientists cannot currently recover semen from 
them so this work will be essential in the examination of exhibits of this nature.  It is clear that this 
method has presented a solution not only to the examination of nappies for semen but also the 
examination of sanitary towels and incontinence pads.  The Office of National Statistics reported 
that in the twelve months up to March 2017, “an estimated 3.1% of women (510,000) and 0.8% of 
men (138,000) aged 16 to 59 experienced sexual assault” and these figures do not include offences 
against minors or the elderly.  The SAPSWash method could assist the investigation of sexual 
offences against all age ranges of potential complainants.  Of those who reported sexual offences, 
“nearly two-thirds (63%) of victims suffered mental or emotional problems as a result, while around 
half (53%) reported having problems trusting people or having difficulty in other relationships. 1 in 
10 victims attempted suicide as a result”.  The impact of this improved method for the detection of 
semen cannot be underestimated. 
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Appendices 
Appendix 1 
 
Science Faculty Ethics Committee application  
 Favourable Approval Letter 2016-026 
Substantial Amendment form 
Favourable Approval Letter 2016-026A 
 
 (All personal contact details removed) 
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SCIENCE FACULTY ETHICS COMMITTEE (SFEC) 
COMBINED ETHICAL REVIEW APPLICATION 
FORM AND RESEARCH PROTOCOL  
 
Proposal Title: Recovery of spermatozoa from superabsorbent polymers used in nappy and sanitary 
product manufacture to support the forensic interpretation of sexual offences. 
Proposal Version: 
Proposal Date: August 2015 
 
Proposed study start date1:  PhD commenced September 2014 
 
i. Principal Investigator (PI) tile & name: Anna-Marie O’Connor 
Job / Student title:  FT Forensic Co-Ordinator and Senior Lecturer in Institute of Criminal Justice 
Studies (ICJS) 
 Telephone Number(s):  
 Email:  
 
ii. If PI is a student give degree path: PT PhD student 
 Supervisor(s):  
 Title & Name  Job Title Tel No  Email 
 1- Dr Joy Watts Reader     
 2- Dr Fiona Myers Senior Lecturer    
 3-  
 
Note: Supervisors will have to confirm to ethics-sci@port.ac.uk that this proposal is ready for 
ethical review, either by submitting the application on behalf of the student, or by sending the 
student or ethics-sci@port.ac.uk a separate email confirming that this protocol (version and date) 
is ready to be submitted to SFEC for ethical review. 
  
iii. Co-investigators (CI): N/A 
                                                          
1 The PI should be mindful of the time taken to advertise and recruit volunteers following a favourable ethical 
opinion, 
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Title & Name  Job Title Tel No  Email 
 A-  
 B-  
 C-  
 
iv. School / Department: School of Biological Sciences 
 
v. Funding details: 
 
 a. Fully funded by the University of Portsmouth (UoP), paid departmentally as a staff 
member of the Institute of Criminal Justice Studies (ICJS) in the Faculty of Humanities and Social 
Sciences (FHSS).  Minimal consumables covered by Supervisor’s funding budget and external 
DNA work sourced as gratis (up to 35 samples) under research agreement FHSS has with Key 
Forensics Ltd. (Annex F). 
 
vi. Location(s) for study: School of Biological Sciences, King Henry Building, Portsmouth.  Some 
DNA analysis work to be done offsite by external provider, Key Forensic Services Ltd, Warwickshire 
(Annex F). 
 
vii. Insurance liability: University of Portsmouth  
 
viii. Please identify any ethical issues and strategies to deal with them:  
          Informed consent from donors.  Participant Information sheet and appropriate consent forms 
compiled for provision to potential human sample donor(s) at fertility clinic.  Records to be held by 
clinic to preserve donor anonymity, with no access for PI.  As this is essentially a fundamental 
science project it was felt that it might cause unnecessary concern to the potential participants if 
emotive materials such as nappies were mentioned in the participant information so this has been 
omitted at this stage.  
 
ix. Human tissue use (in terms of the Human Tissue Act):  n 
Use of human semen samples.  This is not relevant material under the Human Tissue Act (see 
https://www.hta.gov.uk/policies/list-materials-considered-be-‘relevant-material’-under-human-
tissue-act-2004).  Confirmation has been received confirmation from the Human Fertility and 
Embryology Authority that no further licenses are required – please see attached confirmation 
email (Annex C) 
 
x. Please state any conflict of interests: none 
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xi. Conformation with current conventions:  
 
xii. Scientific Review: This proposal has been scientifically reviewed by Dr Gill Tully, Forensic 
Science Regulator (former Head of Research and Development at the Forensic Science Service) 
and a copy of the scientific review and the investigator’s response to this is enclosed with this 
application (Annex D). 
 
xiii Medical Information2: N/A 
 
 
 
                                                          
2 See the Guidelines for medical assessment and medical cover for human participants for research and taught 
laboratories, Department of Sport and Exercise Science. Note that this is available from the central DSES Moodle 
Site, Jim House or another DSES member of SFEC. 
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1. INTRODUCTION / SCIENTIFIC REVIEW OF LITERATURE (less than 500 words) 
 
1.1 The forensic investigation of sexual offences usually requires the detection, 
identification and recovery of semen from a variety of exhibits where it may have 
been deposited.  Often seminal fluid can be located using a presumptive test for the 
presence of acid phosphatase (an enzyme present in seminal fluid in high 
concentration) however, the confirmation of its presence is required legally by 
identifying the presence of spermatozoa (sperm heads) and subsequent DNA 
analysis.  This can be problematic as spermatozoa cannot currently be satisfactorily 
recovered from items such as nappies, incontinence pads and sanitary towels which 
are manufactured using superabsorbent polymers (Kabiri et al, 2003).   
 
From analysis of the literature, there appears to be no publications tackling this issue in the 
forensic scientific press and nothing specific has been found in a wider subject search.  
However, Liu et al, (2012) reported the release of other fluids from super absorbent 
polymers, typically urine, for bio-monitoring rather than forensic applications.  This proposed 
study seeks to investigate whether techniques could be developed to release semen from 
such products which would then allow for investigation, interpretation and possible 
convictions which have previously been impossible. 
 
Whilst the work by Liu et al (2012) demonstrates that the release of liquid from these 
superabsorbent polymers is possible, this project will need to address additional 
complications.  These include the recovery of smaller volumes of semen and the presence 
of other organic matter.  In this study methods will be developed to overcome these 
additional complications and enable the isolation of the spermatozoa for DNA analysis.  
 
Superabsorbent polymers are long molecular chains with cross linking between the polymer 
molecules.  This property allows the polymers to form a gel network which is insoluble to 
water but which can absorb large volumes of water.  Breaking the cross linking, to deform 
the gel, should allow the release of the liquid (in this case semen) however, the 
superabsorbent polymer in nappies is combined with absorbent pulp from which the 
spermatozoa will need to be separated in order to facilitate DNA analysis.  Therefore, in 
addition to the processes described above, this work also requires an investigation of 
commercially available spin columns and spin baskets (supplied by Qiagen, Promega, 
Corning and Bio-Rad to date) to identify a suitable technique.   
Methods for industry standard forensic DNA analysis by contrast are well established and 
published (Cotton et al., 2000).  The ultimate aim of this project is to allow the recovery of 
semen samples in a suitable state to be analysed with existing forensic analysis methods. 
This will contribute both to scientific knowledge and to the investigation of these types of 
crime. 
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2. LAY SUMMARY of your proposed research (less than 300 words).  This 
should explain the reason for the research and what the research involves. This 
should be comprehensible to a non-specialist reader. 
Semen deposited onto fabric items during alleged sexual offences is currently 
recovered by forensic scientists using a simple water extraction.  A piece of stained 
fabric is placed into a test tube and washed with pure water to wash any possible 
semen into the water.  Simple chemical and microscopic techniques can be used to 
confirm whether any staining is in fact semen.  DNA profiles obtained from any 
semen found can be compared against the National DNA Database (NDNAD) or 
DNA profiles from known suspects.  This technique is a long established, simple 
procedure.  However, the development of modern nappies and other sanitary 
products containing superabsorbent polymers has introduced a complication to this 
examination process.  These products are designed to absorb large volumes of 
liquid, to keep the wearer dry.  If semen is deposited onto them, it is not possible to 
add water to excised samples taken from them to recover it (as would be the usual 
practice) as the superabsorbent polymer will absorb that liquid.  This project seeks 
to develop a method to reverse the absorption process to release any liquid, 
including spermatozoa – the sperm heads which harbour the genomic DNA required 
for comparison purposes.  It will also be necessary to ensure any liquid released 
can be separated from any solid substrate (such as the nappy pulp filling) so any 
sperm heads can be isolated.  This in turn will allow DNA analysis to support further 
forensic investigation.  The method will initially be developed using a source of 
animal semen then tested again using a screened source of human semen.  It would 
be useful to further demonstrate that the technique can still be applied to nappies 
contaminated with organic matter. .  The final stage would be to ensure that any 
semen samples recovered are still suitable for forensic DNA analysis by engaging 
with a commercial forensic service provider to ensure any testing is robust and 
meets with the industry standard.  
 
3. RESEARCH QUESTION / AIM[S] 
 
The ultimate aim of this study is to facilitate the development of a simple, efficient and cost-
effective method of releasing spermatozoa from products which have been manufactured 
using superabsorbent polymers.  Therefore, the primary research question is: 
Is it possible to recover spermatozoa from superabsorbent polymers? 
It is intended that this question will be answered by devising and undertaking a series of 
staged experiments to first assess the behaviour of the polymer when wetted and to identify 
any further questions which need to be addressed in order progress to developing a suitable 
recovery method. Initial, preliminary studies performed on nappies seeded with animal 
semen shows that liquid release does not always fully and sufficiently break down the 
superabsorbent polymer gel structure to allow for microscopic slide preparation to identify 
the presence of spermatozoa.  Further investigation is required to establish whether it is 
possible to perform differential centrifugation to separate the spermatozoa from the gel or 
whether the gel needs to be fully de-formed to release them sufficiently to facilitate 
microscopic visualisation and subsequent DNA analysis.  From this initial question, a 
number of related secondary research questions have been developed. 
 145 
  
 Is it possible (and practical) to manually recover the gel without the pulp substrate? 
 Is there an optimal amount of calcium chloride required per corresponding weight 
of polymer? 
 Can recovered gel be further re-treated by addition of further calcium chloride to 
release spermatozoa? 
 Does the centrifugal spin speed and time have an effect on the recovery of gel 
versus spermatozoa? 
 Is a spin basket preferable to a spin column or vice versa for separating the 
spermatozoa from the gel?  
 Can spermatozoa recovery be replicated on samples which have been stored 
frozen as opposed to fresh, still wet samples? 
 If human semen can be released, is it still possible to obtain a DNA profile from it? 
 
These experiments seek to optimise the process since it has been shown at this stage that 
spermatozoa can be effectively released.  However, this process needs to be repeatable, 
reliable and robust.  Once these questions have been answered satisfactorily, the industry 
standard DNA analysis will serve only to demonstrate the feasibility of the technique for 
practical casework use.  
 
 
5. METHODS 
 
5.1 Study Design 
 
5.1.1 Exploratory laboratory based experiments. 
 
5.2 Study Size 
 
5.2.1   The number of participants is not important to this study but in any event will not 
exceed ten donors.  This work seeks to develop a method of recovering semen from 
disposable nappies.  The method is not dependent on multiple donors, rather that the 
recovery of spermatozoa is possible.  It is however, important that a reference buccal scrape 
is obtained from any donors as a control sample so that any DNA profiles obtained 
purporting to be from the semen can be checked against a known sample from the donor.  
The purpose of this work is NOT to identify the donor but to establish that the recovered 
semen came from the single source (demonstrated by the anonymised reference sample).  
It would NOT be possible to have multiple donors whose samples are combined to preserve 
anonymity since it is necessary for forensic purpose to demonstrate that any recovered 
samples have come from a single source. 
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Reference buccal sampling kits will be supplied by the PI so the samples can be collected 
from donors at the Wessex Clinic to retain donor anonymity.  These samples will be supplied 
to the PI labelled only with the relevant donor sample number. 
 
5.3 Recruitment and informed consent procedures 
 
5.3.1 Inclusion and Exclusion Criteria  
Anonymised samples provided by a human fertility clinic.     
 
5.3.2 How will potential participants be identified?  
Agreement from local fertility clinic to supply human semen samples taken from 
donors who have agreed their donations can be used for research purposes.  Please 
see attached participation agreement from the clinic (Annex E).  
 
5.3.3 How will potential participants be approached?  
A draft ‘Participant Information Sheet’ and ‘Consent Form’ have been shared with 
the fertility clinic for feedback to ensure they contain appropriate and relevant 
information their potential donors may need.  These HAVE NOT been use to recruit 
donors at this stage and have been provided in draft form for their review, only in 
preliminary discussions to establish a willingness for collaboration with the clinic.   
The clinic have agreed to retain ownership of consent to preserve anonymity of their 
donors from PI. 
 
5.3.4 How will participants be recruited?  
The donor clinic andrologist will approach appropriate donors to request 
participation and to obtain and manage consent.  The Participant Information Form 
and Consent Form have been drafted should their use be deemed necessary by 
either the SFEC or the Fertility Clinic to inform prospective donors.  It was felt by the 
PI this was a prudent step to take given the sensitive nature of the work, to offer 
prospective donors as much information as possible.  However, Wessex Fertility 
Clinic provide their own Donor Consent Forms, included as Annex G which the 
SFEC may consider to be sufficient. 
 
5.3.5 The participant information sheet and consent form are given at Annexes A 
and B of this proposal. Written informed consent will be obtained from each 
participant and kept in the project file.   
 
The human fertility clinic have agreed to retain consent forms and hold unblinding 
key to preserve the anonymity of their donors from the PI. 
 
5.4 Procedures 
 
5.4.1  
 Evaluate absorption properties of all selected sanitary products, preliminarily 
using water, to observe how the superabsorbent polymer behaves at different 
temperatures (37°C , ) and pH (6, 5-8) 
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 Establish if sample storage affects recovery potential (room temperature vs 
freezing) and time (for example 1 week, 4 weeks, 12 weeks, 24 weeks, one 
year). 
 Pipette known volumes of animal semen onto a range of sanitary products 
and store samples appropriately based on findings to previous question.  
Excise samples from sanitary products and recover to Eppendorf tubes. 
 A range of chemicals (CaCl2 and other salts if necessary) will be used to 
establish whether semen can be released from super absorbent polymer by 
breaking down the gel structure.  Consideration will also be given to how to 
introduce this to the samples as using a solution maybe preferable. 
 Determining the optimal amount of diluent to release spermatozoa from the 
superabsorbent polymer. 
 Sampling to check for presence of spermatozoa will be performed by 
preparing microscope slides of recovered samples and observing by 
compound microscope 
 Establish whether semen can be separated from the superabsorbent polymer 
separately from the nappy pulp by investigating spin baskets provided by 
different manufacturers 
 Establish whether centrifuge time and speed have any effect. 
 Data collection will be based around quantitative observation of spermatozoa 
counts on microscope slides.  All experiments will be done in triplicate to 
enable statistical analysis. 
 Replication of the above processes using human semen - checks required 
as human spermatozoa are smaller than animal sample used 
 DNA analysis will be requested if successful recovery of semen is 
demonstrated and optimised. 
 Interpretation of DNA results to establish whether profiles obtained originated 
from semen donor (using supplied reference sample) 
 Evaluation of DNA results – to consider if analysis of semen is specific and 
not contaminated. 
 
All experiments are laboratory based and will be completed by PI 
 
5.5 Measurements / Data collected 
 
5.5.1  
 Once the recovery method is established, it will be necessary to confirm that 
DNA can be recovered from any samples obtained. 
 Simple in-laboratory PCR can be done to check in principle that DNA can be 
recovered however, it will be preferable to utilise industry standard DNA 
analysis (working in collaboration with a commercial Forensic Service 
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Provider) to ensure the work can translate into the commercial forensic 
arena. Methods for measurement of “amounts” of semen recovered and 
optimisation of template DNA for industry standard DNA-PCR analysis are 
already established, well-documented and published.  These processes only 
form part of this study to demonstrate that any recovered semen is suitable 
for industry standard DNA analysis. 
 
5.6 Experimental / Data-Collection End-Points (and early stopping criteria) 
 
5.6.1 The work comprises a series of laboratory based experiments to establish whether 
it is possible to recover animal semen from the superabsorbent polymers..  This part of the 
work will cease when these experiments yield the information required to best optimise the 
method.  They will then be repeated using a source of human semen (assuming ethical 
permission is granted), to ensure the method translates for operational forensic purposes.  
It is preferable to complete the project work using engagement with a commercial Forensic 
Service Provider to undertake industrial standard DNA analysis.  
 
5.7 Exclusion Criteria  
 
5.7.1  N/A 
 
5.8  Data Analysis 
 
5.8.1  The laboratory experimental results will allow comparison of the different 
methods of extraction by comparing numbers of spermatozoa recovered.  Each 
method will be performed in triplicate and examined quantitatively using microscopic 
counts and simple ANOVAs to determine if significant differences of the averages 
are observed.   DNA analysis results provided by a commercial Forensic Service 
Provider (Key Forensics Ltd), will be on the form of electrophoretograms, and 
numerical data for allele designation to aid with visual interpretation. This may 
include the examination of mixed DNA results (including DNA from more than one 
source). 
 
 
5.9 Data Retention 
 
Data retention will only be in the form of experimental records and published results.  
Semen samples sent for DNA analysis will be destroyed once the DNA analysis has 
been completed.  Any unused semen samples can be returned to the Fertility Clinic 
for destruction. 
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5.9.1 Guidance on how to retain research data is given in the links in 5.9.2. The original 
consent forms will be retained by the Wessex Fertility Clinic and not shared with the 
Principal Investigator.  The research data will be retained for 10 / 20 / 30 years in 
accordance with the UoP Retention Schedule for Research Data (see 3rd link below). Paper 
records may be scanned and originals destroyed. Departments will be responsible for 
retaining the data when the PI leaves the University. 
 
5.9.2 UoP Guidance on retaining data: 
 
UoP Library - Research data: Life cycle and archiving 
www.port.ac.uk/library/help/research/researchdata/ 
 
UoP - Research Data Management (RDM) Policy 
www.port.ac.uk/accesstoinformation/policies/researchandknowledgetransferservices/fileto
download,189755,en.pdf 
 
UoP Research Data -  Retention (Schedule 7) 
https://documents.port.ac.uk/id:A23919/document/versions/published 
 
5.10 Confidentiality 
 
5.10.1 The raw data, which identifies any donor, will be kept securely by the Fertility Clinic 
and names of any donors will not be shared with Principal Investigator or the Supervisors. 
 
The donor’s participation will only be known by the Fertility Clinic whose donors have signed 
a consent form allowing the use of their samples for research purposes.  The Fertility Clinic 
will only provide the PI with the samples labelled in such way (likely by use of a donor 
number, in the event of multiple donors being forthcoming) that they could identify someone 
as a donor but the PI could not.  They will also provide written confirmation of donor consent, 
without disclosing the donor’s identity.  Any DNA profiles generated from donor samples 
can only be compared against other DNA profiles obtained within the study.  It is not legally 
possible for any DNA profiles generated in this study to be compared against any crimes or 
against the National DNA Database. 
 
The data (in the form of unlabelled electrophoretograms), may be presented to others at 
scientific meetings, or published as a project report, academic dissertation or scientific 
paper or book. It could also be made available to any sponsor of the research. Anonymous 
data may be used in future research studies approved by an Appropriate Research Ethics 
Committee. 
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The raw data will not be passed to anyone outside the study team without express written 
permission. The exception to this will be any regulatory authority who may have the legal 
right to access the data for the purposes of conducting an investigation in exceptional cases. 
 
 
5.11 Reporting 
 
5.11.1  The intention at this stage is to complete the work as a full doctoral thesis.  An 
abridged version, covering the work on the human samples which would be of most use to 
the forensic community could be published in relevant peer reviewed journals such as 
Forensic Science International or Science and Justice. 
 
 
6. VOLUNTEER WITHDRAWAL 
 
6.1 Withdrawal Criteria 
 
6.1.1 The basis of the initial experimental work relies on the use of human semen samples 
to demonstrate their release from superabsorbent polymers.  Consent for sample usage in 
the experimental stage is inherent to the progression of the work.  However, donors can 
only give a finite number of samples to the Clinic so would not be able to give multiple 
samples beyond that permitted by the Clinic. Donors could therefore withdraw permission 
for further use of their (finite) semen samples at any time.  The raw DNA data obtained from 
any work completed would be done on fully anonymised samples, both pre and post DNA 
analysis, with no donor data known or recorded by the PI, except in the form of an 
electrophoretogram with numeric alleles.  This is documented and explained in the 
Participant Information Sheet and Consent Form.   
 
Whilst DNA analysis on anonymised samples cannot disclose the identity of any individual 
donor, participant withdrawal at this stage could be managed without the publication of any 
electrophoretogram images should a donor request this prior to publication.      As the 
number of donors is likely to be limited, then the number of donors affected is also minimal.   
 
7. HAZARDS TO PARTICIPANT SAFETY 
 
7.1 Risk Assessment None 
 
7.1.1 Substances applied to / ingested by participants: None  
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7.1.2 Risks identified: None 
 
7.1.3 Control measures to minimise risk: None 
 
7.1.4 Required checks and their frequency during the course of the experiment: Semen 
should be stored frozen and only thawed when required to ensure limited degradation for 
analysis purposes. 
 
7.1.5 Post experimental clean-up procedures:  None 
 
7.1.6 Fire procedures: All University of Portsmouth Fire Procedures will be adhered to. 
Please insert here any further descriptions as required e.g. fire procedures to be followed 
at other locations. None 
 
7.1.7 Procedures if personnel are affected: (contamination, injury, nausea, etc, and 
special treatment to be adopted) – N/A 
 
 
8. REFERENCES 
Liu, L. et al (2012). Expressing urine from a gel disposable diaper for bio-monitoring 
using phthalates as an example, Journal of Exposure Science and Environmental 
Epidemiology 22, 625-631 
 
Kabiri, K. et al (2003). Synthesis of fast-swelling superabsorbent hydrogels: effect of 
crosslinker type and concentration on porosity and absorption rate European Polymer 
Journal 39, 1341–1348 
 
Cotton, E.A. et al (2000) Validation of the AMPFlSTR SGM Plus system for use in forensic 
casework, Forensic Science International, 89(3), 185-197 
9. SUPPORTING INFORMATION 
 
9.1. The following supplementary information is enclosed with this protocol: 
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Annex A. Participant Information Sheet (attached) 
Annex B.  Participant Consent Form (attached) 
Annex C. Email from HFEA confirming no licence requirement for study 
Annex D. Email from Forensic Science Regulator (former Head of R+D at Forensic 
Science Service) 
Annex E. Email from Wessex Fertility Clinic confirming their willingness in principle to 
identify anonymous semen donors  
Annex F. Email from Managing Director of Key Forensic Services Ltd confirming their 
willingness in principle to complete some industry standard DNA analysis to 
support practical work. 
Annex G. Wessex Fertility Clinic Consent Forms 
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PARTICIPANT INFORMATION SHEET 
 
School of Biological Sciences, King Henry Building, 
King Henry 1 Street, PORTSMOUTH, PO1 2DY  
 
Principal Investigator: Anna-Marie O’Connor 
Telephone:  
Email:   
If Principal Investigator is a student please also give: 
Supervisor: Dr Joy Watts 
Telephone:    
Email:     
 
STUDY TITLE: Recovery of Spermatozoa from Superabsorbent Polymers to Assist 
in the Forensic Interpretation of Sexual Offences 
 
SFEC Reference No:  This number will not be known by PI at point of initial application. 
 
We would like to invite you to take part in our research study. Before you decide we would 
like you to understand why the research is being done and what it would involve for you. 
Please ask us if there is anything that is not clear. 
 
 
What is the purpose of the study? 
 
The forensic investigation of offences usually requires the detection, identification and 
recovery of body fluids from a variety of materials where it may have been deposited.  The 
purpose of this study is to better develop methods to release such samples from a wide 
range of items to allow forensic scientists to complete DNA analysis on them to help the 
police investigate crime.    
 
Why have I been invited? 
Wessex Fertility Clinic have identified that you might be a suitable participant because you 
have previously indicated to them that you may be willing to permit samples you have 
given to be used for research purposes.  Please note they have not provided me with 
your name, address or personal details and there would be no need for them to do 
so in the future.  Any agreement to provide samples for this study will be entirely 
separate from any agreement you have with Wessex Fertility Clinic.   
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Do I have to take part?  
No.  Taking part in this research is entirely voluntary and your participation is only allowing 
the clinic to share a previously provided semen sample and a reference mouth swab to be 
used for DNA comparison purposes.   
 
What will happen to me if I take part? 
There are no additional consequences to your participation in addition to those you have 
already considered when choosing to become a donor. 
 
Expenses and payments  
There are no expenses or payments associated with the supply of these samples as they 
would be provided on the basis that you previously gave consent for them to be used for 
research purposes if required and consent was given. 
 
Anything else I will have to do?  
The samples you provide for fertility purposes are suitable for this research so 
please follow any guidelines provided to you by the Wessex Fertility Clinic.  You will 
be asked to also supply one mouth swab to be used as a reference DNA sample for 
the purpose of interpreting the DNA results.  This sample cannot identify you as an 
individual and cannot legally be compared with the National DNA Database. 
  
What measurements will be taken (or data collected)? 
The samples given will be used to develop a method to successfully recover the samples 
from different materials.  Any samples recovered will be analysed using DNA analysis to 
confirm the donor, using the DNA profile which will be generated from your reference mouth 
swab.  This will help to show that there is no contamination of the samples.  The 
experimental data collected will be stored as experimental records at the University and 
published in peer reviewed scientific journals so the work can be utilised by the forensic 
science community.  No DNA records will be kept.  No records will be held by any other 
external agencies.  
 
What are the possible disadvantages and risks of taking part?  
There are no risks or disadvantages of your taking part other than those outlined to you by 
Wessex Fertility Clinic in their guidelines for the provision of these samples for fertility 
purposes.  Please be assured that this work is being conducted as part of a university 
project.   
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The DNA techniques used are not diagnostic and it is not legally possible for any DNA 
profiles generated in this study to be compared against any crimes or against the National 
DNA Database.  Any DNA profiles generated would be anonymous, with no reference to 
the original donor(s) whose identity would only be known by records held confidentially by 
Wessex Fertility Clinic supplying the samples.   
 
What are the possible benefits of taking part? 
None. 
 
Will my taking part in the study be kept confidential? 
Yes, completely confidential.  
 
Your participation will only be known by the Wessex Fertility Clinic who have already 
required you to sign a consent form allowing the use of your samples for research purposes.  
They will only provide us with the samples labelled in such way (likely by use of a donor 
number) that they could identify you as a donor but we could not.  They will also provide 
written confirmation of your consent, without disclosing your identity.  Any DNA profiles 
generated from your samples could only be compared against other DNA profiles obtained 
within the study.  It is not legally possible for your DNA profile generated in this study to be 
compared against any crimes or against the National DNA Database. 
 
The experimental data, when made anonymous, may be presented to others at scientific 
meetings, or published as a project report, academic dissertation or scientific paper or book. 
It could also be made available to any sponsor of the research. Anonymous data, which 
does not identify you, may be used in future research studies approved by an Appropriate 
Research Ethics Committee. 
 
The raw data, which would identify you, will not be passed to anyone outside the study team 
without your express written permission. The exception to this will be any regulatory 
authority who may have the legal right to access the data for the purposes of conducting an 
investigation in exceptional cases. 
 
The raw data will be retained for up to 30 years. When it is no longer required, the data 
will be disposed of securely (e.g. electronic media and paper records / images) destroyed.  
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What will happen if I don’t want to carry on with the study?  
Once the samples have been processed and used for seeding relevant substrates to test 
the recovery method, they will be processed using DNA analysis.  The DNA analysis 
technique used cannot identify an individual without a reference sample or provide any 
diagnostic information about the donor – in fact the DNA components are displayed as a 
series of numbers.  This sampling is undertaken solely to develop a robust method for use 
in criminal cases where suspects are known.  The samples provided for use in this work will 
have been anonymised at source (Wessex Fertility Clinic) and therefore could not be 
removed from the study once the work is completed.  We would ask therefore that you 
carefully consider any aspects of concern before giving your consent. 
 
 
What if there is a problem? 
If you have a query, concern or complaint about any aspect of this study, in the first instance 
you should contact the Wessex Fertility Clinic who could then contact the Principal 
Investigator (PI) and relevant academic supervisor on your behalf, if appropriate. The 
contact details for both the PI and any Supervisor are detailed on page 1. 
 
If your concern or complaint is not resolved by the PI or Supervisor, Wessex Fertility Clinic 
should contact the Head of Department: 
 
The Head of Department    
School of Biological Sciences   
University of Portsmouth    
King Henry Building 
King Henry 1 Street 
Portsmouth 
PO1 2DY 
  
 
 
 
If the complaint remains unresolved, then Wessex Fertility Clinic should contact: 
  
 157 
  
 The University Complaints Officer 
 
complaintsadvice@port.ac.uk 
 
Who is funding the research?  
This research is being funded by the University of Portsmouth as the PI is a member of 
staff.  None of the researchers or study staff will receive any financial reward by conducting 
this study, other than their normal salary as an employee of the University.  
Who has reviewed the study? 
Research in the University of Portsmouth is looked at by independent group of people, 
called a Research Ethics Committee, to protect your interests. This study has been 
reviewed and given a favourable opinion by the Science Faculty Ethics Committee.  This 
research has also been reviewed by an external forensic research professional to check its 
validity in the forensic research arena. 
 
Thank you 
Thank you for taking the time to read this information sheet regardless of your 
decision to participate.  If you do decide to consent to the use of your samples for 
this work, you will be given a copy of the information sheet to keep and your consent 
will be sought via Wessex Fertility Clinic. 
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CONSENT FORM 
 
School of Biological Sciences, King Henry Building 
King Henry 1 Street, PORTSMOUTH, PO1 2DY  
 
Principal Investigator: Anna-Marie O’Connor 
Telephone:  
Email:   
If Principal Investigator is a student please also give: 
Supervisor: Dr Joy Watts 
Telephone:    
Email:     
 
STUDY TITLE: Recovery of Spermatozoa from Superabsorbent Polymers to Assist 
in the Forensic Interpretation of Sexual Offences 
SFEC Reference No:      Please initial each box if 
content 
   
1.  I confirm that I have read and understood the attached information sheet for the 
above study. I confirm that I have had the opportunity to consider the information, 
ask questions and that these have been answered satisfactorily. 
 
2. I understand that my participation is voluntary and that I am free to withdraw at any 
time without giving any reason. 
 
3.  I understand that the results of this study may be published and / or presented at 
meetings, and may be provided to research sponsors. I give my permission for my 
anonymous data, which does not identify me, to be disseminated in this way. 
 
4.  I agree to the data I contribute being retained for any future research that has 
been approved by a Research Ethics Committee. 
 
5.  I agree to take part in this study 
Name of Participant:     Date:  Signature: 
 
 
Name of Person taking Consent:   Date:  Signature: 
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Note: When completed, one copy to be given to the participant, one copy to be retained in the 
study file 
Annex C 
 
29 Jul 
 
 
 
 
 
 
Dear Anna-Marie, 
Good news I think. 
Further to our discussion where you explained that you are planning to conduct research on sperm, 
although I advised that it may not be possible for an HFEA licensed treatment centre to provide you 
with test samples, on scrutiny of the 1990 Human Fertilisation and Embryology Act (as amended) –
attached below– this in not, as I had originally thought, a prohibited activity. 
It is paragraph 4 that is relevant in this case which you will see only prohibits the activities that you 
propose in relation to gametes intended for human application (human application means use in a 
human recipient) and in the scenario your described, the HFEA licensed clinic will not be 
distributing gametes to you for this purpose: 
4 Prohibitions in connection with gametes 
(1A) No person shall procure, test, process or distribute any gametes intended for human 
application except in pursuance of a licence or a third party agreement. 
Also, to confirm our discussions about whether you need a licence from the HFEA to conduct 
research then based on our discussions, you do not need a licence from the HFEA to procure 
gametes for research; to perform research on gametes and; subject to you being able to comply 
with the requirements of the Human Fertilisation and Embryology (Special Exemption) Regulations 
2009 (http://www.legislation.gov.uk/uksi/2009/1918/regulation/3/made ) you do not need a licence 
to store gametes. 
 Please feel free to share this email with the clinic that has agreed to provide the samples for your 
research.  As we discussed, consent requirements where there is an intention to  conduct research 
that involves DNA profiling are beyond my expertise but this is something you advised you are 
aware of. I would suggest that you make sure that the HFEA licensed clinic is fully briefed on these 
requirements though and that they are able to provide documentary evidence that the appropriate 
approvals etc. are in place in case they are challenged on anything related to their role in recruiting 
donors for your research and/or the distribution of the gametes to you in the course of an 
inspection. It will also be useful if they keep a copy of this email with any other relevant 
documentation so that there is an audit trail of the advice I have provided and the rationale for their 
being able to provide the gametes. 
Good luck with your endeavours. 
Kind regards 
Chief Inspector 
Human Fertilisation & Embryology Authority 
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www.hfea.gov.uk 
 Our vision is high quality care 
For everyone affected by assisted reproduction. Find out more 
  "CONFIDENTIALITY 
This e-mail may contain privileged and confidential information. The information in this 
email, and any attached documents, is intended for the exclusive use of the addressee(s). 
If you are not the addressee, any use of this information, and any attached documents, is 
unauthorised and prohibited. If you receive this email in error, please inform the sender 
immediately, and do not copy, distribute or take any action in reliance upon it." 
Annex D 
 
 
16 May 
 
 
 
 
to me 
 
Dear Anna-Marie, 
Thank you for sending your project outline for review.  Here are my overall comments: 
The proposed research addresses an issue of importance in forensic science: location and recovery 
of biological evidence. Although this is a critical part of the overall forensic process, it is often 
overlooked, with researchers concentrating on the analytical part of the procedure. 
The approach suggested, where animal semen is used as an initial model, minimises the need for 
human biological samples. As highlighted in the proposal, later stages would require human semen 
samples and associated reference samples, in order to ensure that the recovered material was 
indeed from the semen donor, and was not contaminating DNA or DNA arising from the wearer of 
the nappy. 
If you would like me to review anything as the project progresses, I’d be quite happy to do so – I 
like contributing to research, and am also keen to keep up my publication record, so if I’m 
involved and can ultimately help with a publication, so much the better! 
Best Wishes, 
Gill 
This e-mail (including any attachments) is private and confidential and contains information intended for a specific individual(s) and 
purpose, and is protected by law. 
If you are not the intended recipient, you should delete this message and you are hereby notified that any disclosure, copying, or 
distribution of this message, or the taking of any action based on it, is strictly prohibited. Please contact the sender if you believe you 
have received this email in error. 
Annex E 
26/06/20 15 
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to me, Myra, A  
Dear Anna-Marie,   Sorry I’m afraid I did not spot your email. My in box has been a little full lately.   
I think we are able to help as long as the donor has consented to research. When we were last in 
contact I spoke to my Andrologist (copied into this email) and she would be very interested in 
leading the collaboration from our side.   Shall we arrange a date for you to pop down for a meeting?    
Kind Regards    
Embryology Manager Wessex Fertility at the Freya Centre     
   
From: Anna-Marie O'Connor Sent: 25 June 2015 13:49 To: Subject: Re: Forensic Biology    
Dear  
I've not heard back from you so am a little concerned that my emails are not getting through to 
you?  I hope you are still able to help me with my work as we discussed now some time ago.  If that 
is not now the case, please could you let me know so I can investigate other possibilities?   Kind 
regards  
Anna-Marie        
 
On 5 June 2015 at 15:07, Anna-Marie O'Connor  wrote:  
Hello again  
 It has been some time since we spoke, I hope this email finds you well?   I have finally made a start 
on my project and so am again seeking a safe source of human semen in order to progress this 
work.  As I think I have explained previously, I am commencing my work using animal semen but 
will need to progress to using a human source in the future so would prefer to secure this in plenty 
of time!  I will also have to pass the project work through the ethics committee here at the 
University so have already set up some paperwork to facilitate that.     When we last spoke we were 
going to arrange for me to visit you.  As the university exam period is now over, I have a much 
clearer diary so I would be grateful if we could set up an appointment so I can discuss this project 
with you further and establish if your facility (and clients) will be able to help me.   I look forward 
to hearing from you again soon.   Kind regards Anna-Marie        
 
On 14 July 2014 at 09:57, Anna-Marie O'Connor wrote:  
Hi    
Thanks for your email and sorry for my delay in responding.  It's good news that the HFEA are in 
agreement.  As I am now permanently employed at the University, the plan is to use this research 
as the basis for a PhD.  I think I have mentioned that the project is in three phases and the 
requirement for human semen is a little way down the line.  It has also transpired (as part of the 
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pre-submission to the ethics committee) that I may be better off doing some of the initial, non-
human work first to develop my protocol to move forward to the human semen phase.  However, 
I would still be happy to visit your department to discuss this work in further detail so you are fully 
appraised before I need to ask for samples in the future.  If this is still OK, would you like to suggest 
some dates convenient to you?      
Thanks again, as ever, for your continued help.    
Regards  
Anna-Marie    
 
On 8 July 2014 17:17,  wrote:  
Hi Anna – Marie   Just to let you know that I have received notification from the HFEA that we will 
be able to supply you with donor sperm for research as you will not be using it for licensable 
activities. Although I stress that this will be very limited given our high patient demand.  
Can I suggest that we arrange for you to pop down at some point to discuss how we can move this 
forward?    
Cheers   
Embryology Manager 
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Annex F 
 
 
 
14:52 (3 minutes ago) 
 
 
 
 
to me 
 
Hi Anna-Marie, 
Sorry for the slow response but I’ve out of the UK for the last couple of weeks. 
As we discussed on the phone KFS would be happy to support your project (described below). 
Once you are closer to the stage of needing some DNA analysis we can discuss the finer detail. 
In terms of any data produced during or as a result of the DNA tests carried out, I can assure you 
that it would not be searched against any casework samples and cannot be loaded or searched 
against the NDNAD. It would however, be searched against the KFS Staff DNA Database that holds 
the DNA profiles of all KFS employees. This is a routine procedure (and is part of IS017025 & 
Lab32 quality standards) to ensure that any DNA profiling results produced by KFS are not 
contaminated by any member of staff who may have worked on them. 
Once we have completed the work KFS would seek to destroy all the data, with your permission, or 
return it to you in full. KFS would not store the data or use it for any purpose other than that 
stipulated by you. The policies and procedures relating to the use, retention and destruction of 
DNA profiling data form part of our ISO 17025 accreditation. 
Look forward to working with you on this project. 
Thanks, 
Security Classification: OFFICIAL 
Group Managing Director 
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From: Anna-Marie O'Connor  
Sent: 30 September 2015 16:05 
To: 
Subject: Request for DNA analysis support for PhD project 
 Dear 
Thanks for your time earlier today.  As agreed, please find below a short outline of my 
project and work proposal. 
I am studying as a part time PhD student (as well as working full time) and my project work 
is looking at the recovery of spermatozoa from nappies and other sanitary products to aid 
forensic interpretation in sexual assault cases.  These products are designed to retain fluid 
waste and contain a super absorbent polymer capable of absorbing high volumes of liquid 
- well in excess of their own volume.  Recovery of semen from stained fabric in a forensic 
context typically involves excising a sample and adding water to wash off any semen 
present.  The casework problem presented by using this method for semen stained nappies 
is that the polymer just soaks up any added water.  This work seeks to identify and optimise 
a process to reverse the absorption, thus releasing the spermatozoa for DNA analysis and 
subsequent interpretation. 
The initial stage of the project will use a source of animal semen to test the method.  This 
will then be replicated with a source of human semen (once approved by the University 
Ethics Committee).  In order to validate the study, it would be my preference to engage 
with a commercial forensic service provider to process the DNA analysis at industry 
standard.  As we mentioned, I wouldn't anticipate this being samples in the hundreds and 
you indicated that you would be able to process in the region of 25-30 samples for me in 
return for acknowledged credit in any publication of the work.  My primary aim is to achieve 
successful completion of the doctorate study but it is my intention to further publish in a 
peer reviewed journal so the work can be accessed by practitioners to implement into the 
forensic field if possible.  You also indicated that this work could be undertaken without 
charge in the spirit of our research agreement. 
As I explained, I have produced some documentation to explain my project to prospective 
donors and I have to have my work approved by the Science Faculty Ethics Committee here 
in Portsmouth.  I have covered that any DNA profiles obtained cannot be searched against 
live crime samples or the National DNA Database but understand that you can provide 
documentation to explain about retention of data and samples as prescribes by the ISO 
17025 accreditation.  I would be grateful if you could allude to this in your response to me 
as well as confirming your agreement in principle to support the DNA aspect of my work. 
I look forward to hearing from you in the near future and thanks again for your willingness 
to help. 
  
Kind regards 
Anna-Marie 
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Anna-Marie O'Connor BSc (Hons) MCSFS FHEA 
Senior Lecturer and Forensic Co-Ordinator 
Institute of Criminal Justice Studies (ICJS) 
University of Portsmouth 
 
This email and any files transmitted with it are confidential, may be legally privileged, and are intended 
solely for the use of the individual or entity to whom they are addressed. Access to this email by anyone 
else is unauthorised. If you are not the intended recipient, any disclosure, copying, distribution or any 
action taken or omitted to be taken in reliance on it, is prohibited and may be unlawful. The views 
expressed in this email are not necessarily the views of Key Forensic Services, and the company, its 
directors, officers or employees make no representation or accept any liability for its accuracy or 
completeness unless expressly stated to the contrary. If you have received this email in error please 
notify the sender or system manager mailto: or telephone Registered Office: University of Warwick 
Science Park, Sir William Lyons Road, Coventry CV4 7EZ Company Registration Number: 05395225  
Please consider the environment before printing this email. 
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Science Faculty Ethics 
Committee  
Science Faculty Office  
University of Portsmouth  
St Michael’s Building  
      White Swan Road  
PORTSMOUTH  
   PO1 2DT  
Anna-Marie O’Connor    
School of Biological Sciences  T: 023 9284 3379  
University of Portsmouth  ethics-sci@port.ac.uk  
    
 1 April 2016   
  
FAVOURABLE ETHICAL OPINION – WITH CONDITION  
  
Study Title: Recovery of spermatozoa from superabsorbent polymers used in nappy and sanitary 
product manufacture to support the forensic interpretation of sexual offences  
  
Reference Number: SFEC 2016-026  
  
Date Submitted: 15 March 2016  
  
Thank you for submitting your protocol to the Science Faculty Ethics Committee (SEFC) for ethical 
review in accordance with current procedures3. Thank you also for producing such a clear 
application, after carefully considering the potentially ethically problematic aspects of your 
proposed research.  
  
I am pleased to inform you that SFEC was content to grant a favourable ethical opinion of the 
above research on the basis described in the submitted documents listed at Annex A, and subject 
to standard general conditions (See Annex B), and the following specific conditions.  
  
                                                          
3 Procedures for Ethical Review, Science Faculty Ethics Committee, University of Portsmouth, 
October 2012 (to be updated).  
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Conditions  
A. Please amend a few sections where the standard application format is used as you will be 
unable to identify the volunteer donors:  
• Application section 5.9.1  
• Participant Information Sheet (PIS) "the raw data which would identify you..."  
• Consent form - section 4  
B. Please also confirm in the application and in the PIS when / how the mouth swab will be 
taken, as this presumably is not a routine part of the donation, and will be required specifically for 
this project.  
C. As the routine consent given (or not) for research use as shown in your application Annex 
G relates to use of information rather than the samples themselves, the PIS and consent form you 
have produced should be used to obtain informed consent (updated with details of the mouth 
swab as per condition B). It would be acceptable for the Fertility Clinic to retain the copies of the 
consents and for them to simply confirm to you that consent has been given for any samples that 
they subsequently provide for your study.  
If you would find it helpful to discuss any of the matters raised above or seek further clarification 
from a member of the Committee, you are welcome to contact ethicssci@port.ac.uk who will 
circulate your queries to SFEC  
  
Please note that the favourable opinion of SFEC does not grant permission or approval to 
undertake the research.  Management permission or approval must be obtained from any host 
organisation, including the University of Portsmouth or supervisor, prior to the start of the study.  
  
Wishing you every success in your research  
  
Vice-Chair Science Faculty Ethics Committee  
  
  
Annexes  
  
A - Documents reviewed  
B - After ethical review - Guidance for researchers  
  
  
Information:  
  
Dr Joy Watts - PhD Supervisor  
Dr Fiona Myers - PhD Supervisor  
Holly Shawyer - Faculty Administrator  
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Statement of compliance  
  
SFEC is constituted in accordance with the Governance Arrangements set out by the  
University of Portsmouth    
  
  
After Ethical Review  
  
If unfamiliar, please consult the advice After Ethical Review2 which gives detailed guidance on 
reporting requirements for studies with a favourable opinion, including, notifying substantial 
amendments, notification of serious breaches of the protocol, progress reports and notifying SFEC 
of the end of the study.  
  
 Feedback  
  
You are invited to give your view of the service that you have received from the Faculty Ethics 
Committee.  If you wish to make your views known please contact the administrator at ethics-
sci@port.ac.uk  
2   
ANNEX A  Documents reviewed  
  
The documents ethically reviewed for this application  
   
Document     Version     Date     
A - SFEC Combined Protocol and Ethical Application Form 2016 - final 
version - amoc - with Annexes  
1  21/03/16  
B - Annex G - HFEA_CD_form_01_11_2011    21/03/16  
      
      
      
      
      
  
A - 1 ANNEX B - After ethical review - Guidance for researchers  
  
1. This Annex sets out important guidance for researchers with a favourable opinion from a 
University of Portsmouth Ethics Committee. Please read the guidance carefully. A failure 
 169 
  
to follow the guidance could lead to the committee reviewing and possibly revoking its 
opinion on the research.   
  
2. It is assumed that the research will commence within 3 months of the date of the 
favourable ethical opinion or the start date stated in the application, whichever is the 
latest.  
  
3. The research must not commence until the researcher has obtained any necessary 
management permissions or approvals – this is particularly pertinent in cases of research 
hosted by external organisations. The appropriate head of department should be aware 
of a member of staff’s research plans.     
  
4. If it is proposed to extend the duration of the study beyond that stated in the application, 
the Ethics Committee must be informed.  
  
5. If the research extends beyond a year then an annual progress report must be submitted 
to the Ethics Committee.  
  
6. When the study has been completed the Ethics Committee must be notified.  
  
7. Any proposed substantial amendments must be submitted to the Ethics Committee for 
review. A substantial amendment is any amendment to the terms of the application for 
ethical review, or to the protocol or other supporting documentation approved by the 
Committee that is likely to affect to a significant degree:   
(a) the safety or physical or mental integrity of participants   
(b) the scientific value of the study  
(c) the conduct or management of the study.  
  
7.1  A substantial amendment should not be implemented until a favourable ethical opinion 
has been given by the Committee.  
  
8. Researchers are reminded of the University’s commitments as stated in the Concordat to 
Support Research Integrity  viz:  
  
• maintaining the highest standards of rigour and integrity in all aspects of research  
• ensuring that research is conducted according to appropriate ethical, legal and 
professional frameworks, obligations and standards  
• supporting a research environment that is underpinned by a culture of integrity and 
based on good governance, best practice and support for the development of researchers  
• using transparent, robust and fair processes to deal with allegations of research 
misconduct should they arise  
• working together to strengthen the integrity of research and to reviewing progress 
regularly and openly  
9. In ensuring that it meets these commitments the University has adopted the UKRIO Code 
of Practice for Research.  Any breach of this code may be considered as misconduct and 
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may be investigated following the University Procedure for the Investigation of 
Allegations of Misconduct in Research. Researchers are advised to use the UKRIO checklist 
as a simple guide to integrity.  
B  - 1  
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NOTICE OF SUBSTANTIAL AMENDMENT 
Please use this form to notify the Ethics Committee of substantial amendments to all research. 
The form should be completed by the Principal Investigator using language comprehensible to a lay person. 
 
Full title of study: Recovery of spermatozoa from superabsorbent polymers to support forensic 
interpretation. 
Name of Ethics Committee: Science Faculty Ethics Committee 
Reference number: SFEC 2016 - 026 
Date study commenced: October 2014 
Amendment number and date: 
 
Details of Principal Investigator: 
Title Forename/Initials Surname:  Anna-Marie O’Connor 
Work Address:  
PostCode:  
Email:  
Telephone:  
Fax 
 
Type of amendment 
(a) Amendment to information previously given in the application form 
Yes – relating to section c below 
If yes, please submit the revised application form with a new version number and date, highlighting changes 
using MS Word Track Changes.  
(b) Amendment to the protocol 
No 
If yes, please submit the revised protocol with a new version number and date, highlighting changes using MS 
Word Track Changes. 
(c) Amendment to the information sheet(s) and consent form(s) for participants, or to any other supporting 
documentation for the study. 
Yes  
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If yes, please submit the revised documentation with a new version number and date, highlighting changes 
using MS Word Track Changes. 
Summary of changes 
The changes submitted only affect the consent for provision of the donor samples and therefore also 
information given in the Participant Information Sheet.   I have received additional detail regarding the specific 
nature of the consent required so this has been highlighted at the relevant points in the now amended 
application.  Given that the donors will be anonymous but their consent must be provided, I have taken the 
liberty of drafting a proposed format for how this can be received so it can be provided to Key Forensic 
Services who would require donor consent to process the DNA analysis samples. 
 
Any other relevant information 
Applicants may indicate any specific issues relating to the amendment, on which the opinion of a reviewing 
body is sought. 
 
List of enclosed documents 
Full application (version 2 amoc) includes all appendices as part of whole document 
 
 
Declaration by Principal Investigator 
1. I confirm that the information in this form is accurate to the best of my knowledge and I take full 
responsibility 
for it. 
 
2. I consider that it would be reasonable for the proposed amendment to be implemented. 
Date of submission:.....28th November 2017.................................. 
Signature:..........Anna-Marie O’Connor............................. 
 
Declaration by supervisor / manager (delete as appropriate) 
I support this substantial amendment. 
Signature: ..................................................... 
Print Name: 
Post: 
Organisation: 
Date: (dd/mm/yyyy) 
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Science Faculty Ethics Committee  
Science Faculty Office  
University of Portsmouth  
St Michael’s Building  
White Swan Road  
  PORTSMOUTH  
               PO1 2DT  
Anna-Marie O’Connor    
School of Biology  023 9284 3379  
University of Portsmouth  ethics-sci@port.ac.uk  
    
 4 December 2017   
  
FAVOURABLE ETHICAL OPINION – NOTIFICATION OF 
SUBSTANTIAL AMENDMENT  
  
Study Title: Recovery of spermatozoa from superabsorbent polymers used in nappy and sanitary 
product manufacture to support the forensic interpretation of sexual offences.  
  
Reference Number: SFEC 2016-026A  
  
Date Submitted: 29 November 2017  
  
Thank you for submitting your proposal amendment to the Science Faculty Ethics Committee 
(SFEC) for ethical review in accordance with current procedures.  
  
I am pleased to inform you that SFEC was content to grant a favourable ethical opinion of this 
proposal amendment on the basis described in the submitted documents listed at Annex A, and 
subject to standard general conditions (See Annex B), and the following specific minor conditions.  
  
8.1 Conditions4  
  
A. Update the version number and date of the proposal document.  
                                                          
4 The favourable opinion given is dependent upon the study adhering to the conditions stated, 
which are based on the application document(s) submitted. It is appreciated that Principal 
Investigators may wish to challenge conditions or propose amendments to these. In that case, 
please consider the favourable opinion suspended, and simply make your case for amending or 
discarding conditions in writing as you would an application resubmission following ethical review.  
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B. At 5.9.1 the retention of research data will be for 10 years, unless after reviewing the 
guidance given in the links in the (old version) application in that section you think a longer 
period is more appropriate for this data. Also make this clear in the Participant Information 
Sheet (PIS), which currently states 30 years for data retention.  
  
C. That you undertake to request in writing that the profiles are removed from the staff 
elimination database 12 months after the last project samples are processed (as per section 
5.10). Also make this intention clear in the PIS.  
  
D. The study title and SFEC reference number are included in the PIS version forwarded to 
potential donors.  
  
E. That in bold writing at the top of the PIS and Consent form it is made clear that if potential 
donors ask any questions about this research of the PI  / Supervisor directly then their identity 
will be divulged. Therefore, to preserve their anonymity, they may wish to ask you any 
questions about the research, through the donor clinic to preserve anonymity (also giving 
these contact details for the donor clinic).  
  
F. That in bold letters at the top of the consent form, that it is made clear that this consent form 
is what they are consenting to if they give consent to the clinic to release their samples for 
this research. Make it also clear that this should not be returned to UoP, as this again will 
divulge their identity.  
  
  
Please resubmit an updated application form incorporating the changes as per the above 
conditions for the final SFEC records on this application.  
  
If you would find it helpful to discuss any of the matters raised above or seek further clarification 
from a member of the Committee, you are welcome to contact ethicssci@port.ac.uk who will 
circulate your queries to SFEC  
  
Please note that the favourable opinion of SFEC does not grant permission or approval to 
undertake the research.  Management permission or approval must be obtained from any host 
organisation, including the University of Portsmouth or supervisor, prior to the start of the study.  
  
Wishing you every success in your research  
Chair Science Faculty Ethics Committee  
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Annexes  
  
A - Documents reviewed  
B - After ethical review - Guidance for researchers  
  
  
Information:  
  
PhD Supervisor  
PhD Supervisor  
Faculty Administrator  
  
  
Statement of compliance  
  
SFEC is constituted in accordance with the Governance Arrangements set out by the  
University of Portsmouth     
   2 
After Ethical Review  
  
If unfamiliar, please consult the advice After Ethical Review (Annex B), which gives detailed 
guidance on reporting requirements for studies with a favourable opinion, including, notifying 
substantial amendments, notification of serious breaches of the protocol, progress reports and 
notifying SFEC of the end of the study.  
  
  
Feedback  
  
You are invited to give your view of the service that you have received from the Faculty Ethics 
Committee.  If you wish to make your views known please contact the administrator at ethics-
sci@port.ac.uk  
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ANNEX A  Documents reviewed  
  
The documents ethically reviewed for this application  
   
Document     Version     Date     
A-2016-026A O'CONNOR PI submission email  n/a  29 Nov 2017  
B-2016-026A O'CONNOR Substantial Amendment Form - amoc SFEC 
2016-026  
n/a  29 Nov 2017  
C-2016-026A O'CONNOR SFEC Combined Protocol and Ethical 
Application Form  
V1  29 Nov 2017  
D-2016-026A O'CONNOR Annex G - HFEA_CD_form_01_11_2011  n/a  29 Nov 2017  
  
  
  
A - 1 ANNEX B - After ethical review - Guidance for researchers  
  
1. This Annex sets out important guidance for researchers with a favourable opinion from a 
University of Portsmouth Ethics Committee. Please read the guidance carefully. A failure to follow 
the guidance could lead to the committee reviewing and possibly revoking its opinion on the 
research.   
  
2. It is assumed that the research will commence within 1 year of the date of the favourable 
ethical opinion or the start date stated in the application, whichever is the latest.  
  
3. The research must not commence until the researcher has obtained any necessary 
management permissions or approvals – this is particularly pertinent in cases of research hosted 
by external organisations. The appropriate head of department should be aware of a member of 
staff’s research plans.     
  
4. If it is proposed to extend the duration of the study beyond that stated in the application, 
the Ethics Committee must be informed.  
  
5. Any proposed substantial amendments must be submitted to the Ethics Committee for 
review. A substantial amendment is any amendment to the terms of the application for ethical 
review, or to the protocol or other supporting documentation approved by the Committee that is 
likely to affect to a significant degree:   
(a) the safety or physical or mental integrity of participants   
(b) the scientific value of the study  
(c) the conduct or management of the study.  
  
5.1  A substantial amendment should not be implemented until a favourable ethical opinion 
has been given by the Committee.  
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6. Researchers are reminded of the University’s commitments as stated in the Concordat to 
Support Research Integrity  viz:  
  
• maintaining the highest standards of rigour and integrity in all aspects of research  
• ensuring that research is conducted according to appropriate ethical, legal and 
professional frameworks, obligations and standards  
• supporting a research environment that is underpinned by a culture of integrity and 
based on good governance, best practice and support for the development of researchers  
• using transparent, robust and fair processes to deal with allegations of research 
misconduct should they arise  
• working together to strengthen the integrity of research and to reviewing progress 
regularly and openly  
  
7. In ensuring that it meets these commitments the University has adopted the UKRIO Code 
of Practice for Research.  Any breach of this code may be considered as misconduct and may be 
investigated following the University Procedure for the Investigation of Allegations of Misconduct 
in Research. Researchers are advised to use the UKRIO checklist as a simple guide to integrity.   B 
- 1  
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Appendix 2 
Key Forensic Services Ltd, DNA analysis process paperwork 
   
 All operational staff names have been obscured at KFS request. 
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